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ABSTRACT
Factors Affecting the Implementation of Secondary School Science
Curricula Programs in Kenya
May 1981
Ephantus Mwiandi Mugiri, B.Ed., Makerere University
M.Ed., University of Massachusetts
Ed.D., University of Massachusetts
Directed by: Dr. George E. Urch
Science is considered an important element of all secondary
school education in its relationship to national development.
Numerous innovations have been made for the improvement of the
quality of the secondary school science curriculum in Kenya over the
last fifteen years. Science curricula programs are being implemented
to varying degrees in schools. The purpose of this study was to
identify and analyze the factors that affect the implementation of
secondary school science curricula programs in Kenya over this
period. Issues and problems in the development and implementation
of science curricula programs in the physical sciences were identified
and anlayzed through a literature review, visits to schools and
interviews with scientists, educators, teachers and administrators.
Five research questions guided the study. These were:
What does the literature suggest concerning science
curriculum development and implementation?
vi
What are the origins, objectives and present status
of curricula programs in Kenya?
How are the prescribed science curricula programs
actually being implemented in secondary schools?
What are the factors apparently affecting the implemen-
tation of secondary school science curricula programs?
What is the relative influence of these factors in
the implementation of science curricula programs?
The research design consisted of three phases: a literature
review, development of research procedures, and field study. An
extensive and intensive literature review was conducted on the
development and implementation of science education in Kenya for the
last fifteen years. Further information was collected through
interviews with policy makers, educational administrators, curriculum
developers, inspectors, school headteachers, and science teachers.
Schools were visited and observations made on the adequacy and
utilization of science teaching resources in the schools.
The research findings in this study indicate that there were
at least five major categories of factors affecting the implemen-
tation of secondary school science curricula programs. These were:
policy and administration for the implementation of programs; in-
stitutional organization and administration; adoption and adaptation
of science programs to meet institutional requirements and students'
needs; the instructional programs themselves; and quality of science
teaching resources available in schools. These factors were further
vii
condensed into three major clusters on the basis of the nature of
their influence. These clusters were: policy and decision making;
course content, teaching methods and science teaching resources; and
the learning environment.
Recommendations for the implementation of science curricula
programs were made. The recommendations were directed to policy
makers, teaching training institutions, school administrators, science
teachers and researchers. The specific recommendations point out:
the need for clear policy, decision making and communication on the
implementation of science programs; the need for the consolidation of
science syllabuses into an integrated series of courses or syllabuses
catering to the learning needs of all students; need for continuous
teacher training through pre-service and in-service programs; the
need for adequate provision and utilization of teaching resources in
the schools; the need for schools to create environments that are
conducive to learning and the need to carry out research on the
effectiveness of the implementation of the various science programs
in schools. A final recommendation pointed out the need to establish
systematic information collection and retrieval systems to assist in
the development and implementation of programs.
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CHAPTER I
INTRODUCTION
Statement of the Problem
The need for general reform of school curricula has been
apparent for some time throughout the world. This would appear to
be the result of sweeping social changes which have transformed
education in many countries in the last three decades. After the
Second World War, societies in general became more aware of the
importance of education and its role in social and economic develop-
ment .
The gaining of political independence by many countries in
Africa gave a new impetus to educational development in the new
nations at all levels. The early sixties were characterized by
great quantitative expansion of education at all levels. There was
an expansion at the primary school level because of an increased
public demand and a commitment by the governments to provide primary
education as a universal right for every citizen. The secondary
level was expanded to supply the badly needed human resources to man
the different institutions in the emerging nations.
The last half of the sixties witnessed on the African
continent a shift from mere quantitative expansion of the educational
systems to qualitative improvement of the education offered at the
different levels. The efforts to bring about qualitative improvement
2in the education systems led to the development of new courses and
instructional materials in Mathematics, Science, Social Studies,
teaching of languages and vocational subjects. The search for
quality in education accompanied by quantitative expansion continued
into the seventies. However, with the stabilization of the process
of quantitative expansion and a proliferation of educational programs
there was a need to relate these programs to national development
policies and plans. This arose out of a realization that education
could no longer continue to be considered a panacea to all problems
of national development. What was needed was an educational system
which could become an integral part of the overall national develop-
ment process
.
With the increased desire for more and better education, and
the need to relate the education to development, greater attention
has been paid to science education. This has had considerable
implications and impact on the development and implementation of
school science programs. This was true in the East African country
of Kenya.
Science and science education continue to be a major concern
in Kenya. Scarce resources have been and continue to be committed
in the development of science curriculum programs at primary,
secondary and tertiary levels in the belief that this will lead to
a better understanding in the lives of citizens and in the promotion
of national development.
Through these programs, many new facts and concepts have been
introduced in science courses. Some of the content that was once
3popular in the past but is no longer either accurate or relevant has
also been dropped from courses. Efforts have been made to develop
programs to make science more interesting, challenging and relevant
to the needs of the learners.
At the secondary school level, the examination syllabuses
inherited from British examination boards at independence in 1962 were
revised to adapt them to the needs of East Africa. The revised
syllabuses usually consisted of the content of topics to be covered
and the structure of the examination to be taken at the end of the
courses. In some syllabuses, particularly in the science subjects,
there was also some indication of the expected teaching approach but
with little direction or guidance given to the teachers or support
materials for the syllabuses. Since most teachers had learned
science by memorizing facts and experimental results, they had very
little idea of how to conduct a laboratory approach to science teaching
suggested by the new syllabuses.
In the science subjects, in addition to the adaptation of the
Cambridge Overseas Examination Syndicate Syllabuses, 1 a series of
courses in physics, chemistry and biology under a project known as
the School Science Project (SSP) for East Africa were developed. The
aim of the Project was to develop a Nuf field-type course for East
1The Cambridge Overseas Examinations Syndicate was the British
examinations board that was responsible for conducting public examina-
tions at the secondary school level in East Africa.
4Africa based on the problem solving and inquiry method while being
relevant to the needs of East Africa. 2
Course materials were developed through writing workshops by
science teachers, science inspectors, curriculum specialists,
secondary school teacher trainers, and university lecturers. The new
course was tried in twenty-five schools and similar numbers in
Uganda and Tanzania. The revised syllabuses and the new SSP courses
were all made available to the secondary schools to choose from in
formulating their school curricula.
With the increased interest in school curricula, there has
been greater competition among different subject groups for instruc-
tional time in the already overcrowded school timetable. This was
encouraged in an attempt to make the overall school curriculum as
complete as possible, very often without any consideration of the
need for a coordinated total school curriculum.
In the development and implementation of science curriculum
programs, decisions have to be made at the policy, planning, develop-
ment, institutional and instructional levels. To do this, it is
necessary to have accurate information. This calls for continuous
gathering and dissemination of information on the development and
implementation of curricula to the different interest groups. This
can best be done through evaluation studies.
2 School Science Project for East Africa was developed as a
regional project from 1968 to 1973.
5In the past, evaluation studies of science curriculum programs
have tended to be of a formative nature. Consequently, they are
mainly confined to the design, development and trial stages of the
programs. Very few studies have been done to assess the implementation
of the programs beyond the often restricted and sometimes contrived
conditions of the programs' development and trial stages.
The Ministry of Education in Kenya has set up institutions for
curriculum development, administration, supervision, inspection and
examinations at the national and provincial levels. The basic
assumption is that once operational institutions and functional
interorganizational mechanisms have been developed, the implementation
of the new programs at the institutional and instructional levels
should not present any major problems.
Unfortunately, in many educational systems this does not seem
to be the case. Often, the functional link among the organizations
involved in curriculum development, administration and supervision
at the ministerial level and the institutional organization and
administration at the school level for the implementation of
curricula programs is often ambiguous and rather weak.
Purpose of the Study
The purpose of this study is (1) to identify and analyze the
factors that affect the implementation of secondary school science
curriculum programs in Kenya and (2) to discuss their implications
for future efforts to improve the implementation of science programs.
6The issues associated with science curriculum development and the
factors affecting implementation will be analzyed thorugh a review
of relevant literature. The study will then conceptualize the
historical development of secondary school science curriculum in
Kenya. The present status and possible future trends in science
education will also be described. Further, the implementation of
science curricula in schools will be examined and the factors that
may be positively and/or negatively affecting it will be analyzed.
Finally, the implications of the study for future developments in
science education will be summarized and recommendations for improve
ments of the implementation of secondary science curricula will be
advanced
.
Specifically, the guiding research questions in the study are:
1. What does the literature suggest concerning the issues in
science curriculum development and its implementation?
2. What are the origins, objectives and present status of
Kenyan science curricula programs?
3. How are presecribed science curricula programs actually
being implemented in secondary schools?
4. What factors are apparently affecting the implementation
of secondary science curricula programs?
5 . What is the relative influence of these factors in the
implementation of programs?
6. What does the study suggest should be considered in
efforts to improve the implementation of science curricula
programs in the future?
7The ordering of these questions is not intended to imply an
order of importance of the issues; it does, however, provide a
logical sequence for examining the key questions.
Significance of the Study
Many science curricula programs and syllabuses have been
developed in Kenya over the last fifteen years. The programs have
been adopted in the school system to varying degrees. Some of the
programs are used nationally, while others are used in a relatively
small number of schools in the country.
The significance of the present exploratory study includes both
theoretical and practical importance.
This study will contribute to the advancement of knowledge
about science curriculum development in Kenya and the factors that
influence implementation of science curricula programs. The study
has practical significance because it will lead to improved
strategies for implementation of science curricula procedures and
practices by identifying the strengths and weaknesses in implemen-
tation. The information generated in the study will be used in
establishing a system of information gathering and organization
for the purpose of decision making and planning. The study
could be of immediate benefit to the Ministry of Education in Kenya
in the formulation of future science education policy.
The knowledge generated in the study is likely to benefit
not only Kenya, but other countries with similar problems in the
8development and implementation of science as well as other areas
where the methods used in science curriculum development and
implementation are applicable. This would show the relationship
between effective policy making, curriculum development and its
implementation.
Meaning of Terms
Five major terms that are key to the carrying out of this study
are defined below.
Curriculum
A plan for the provision of opportunities consisting
of statement of the aims and objectives of the program, an
indication of the selection and organization of the content,
a manifestation of the patterns of learning and teaching, and
a program of evaluation of the outcomes.
Science Curriculum
A plan for teaching and learning of science at the secondary
school level. This includes syllabuses, courses, suggested
learning and teaching methods and a program for the
evaluation of the outcomes of the curricula.
Secondary School Education
Secondary school education runs from Form One to Form Six and
is divided into three blocks: Junior Secondary (Forms I and
II), Senior Secondary (Form III to Form IV), and Advanced
Level (Forms V and VI).
9Implementation
The process of decision making at the policy, planning,
development instructional and instructional level in efforts
to bring about realization of intended change.
Curriculum Evaluation
The gathering of data to facilitate decision making at various
stages and levels in curriculum development and implementation.
Delimitation of the Study
In a study of science curriculum, two aspects are clearly
discernible, namely, the process of curriculum development and
curriculum implementation. A comprehensive study of the two aspects
in the context of an entire educational system would require more
time and resource than were available to the researcher. On the
other hand, some fairly extensive studies have been done on the
process of development in Kenya as indicated in the curriculum studies
by Urch (1964), Kenya government (1971 and 1976) and Oluoch (1977),
but hardly any systematic studies have been carried out on the imple-
mentation of school curricula, let alone secondary school science
curricula
.
The task of curriculum implementation involves two main
processes: first, the changing attitudes of policy makers, ad-
ministrators, teacher trainers, inspectors and supervisors and
teachers before they make a decision to adopt a new program; secondly,
providing the administrative and material means to make the adaptation
10
possible. The two tasks are closely related, but in this study they
are separated to facilitate analysis of the related issues.
For the purpose of manageability, the study was delimited to an
exploratory examination and analysis of adoption and implementation of
secondary school science curricula with special emphasis on implemen-
tation of programs in physical sciences in secondary schools in Kenya.
The study concentrates on science policy, policy makers, administrators,
teacher trainers, inspectors and supervisors, curriculum developers,
headteachers, subject teachers and students in the implementation of
secondary science curricula, institutional organization and
administration for the implementation of science curricula programs.
No detailed analysis of the effectiveness of the various science
courses on the learners is given in this study.
Design of the Study
This study was designed to explore and analyze the associations
and interactions among factors which influence development and
implementation of secondary school curricula programs in Kenya. This
was done by examining the type of school in terms of the size of the
school, staff and student composition, the teaching-learning environ-
ment, the instructional materials and techniques used in the schools.
The information and data gathered through literature review, ques-
tionnaires, interviews, observation of laboratory facilities and
analysis of student performance both in school and public examinations.
Ten demographically different secondary schools were then selected
11
for an indepth study. The selection of schools was to be based on
the size, type (whether boys, girls or co-educational) and the
Ministry of Education grading of the school. The presentation of
information and data collected in the study was to be descriptive
rather than of a statistical treatment nature.
The design of the study consisted of two parts. The first
part was an extensive and intensive review of literature on historical
developments of science education curriculum policy, planning,
development and implementation in Kenya to provide a conceptual
framework for analysis. The second part of the study consisted of
field data gathering from secondary schools and educational personnel
in Kenya.
The study design was organized according to the specific
research questions. Some of the research questions are related;
therefore, they are grouped together to facilitate coordination and
integration in data collection and analysis.
Question 1 : What does the literature suggest concerning the issues
of science curriculum development and its implementa-
tion?
Relevant government policy documents, reports, records of the
development of various science curricula programs, course materials,
syllabuses and examination regulations were used as primary data
sources, while journals, newspapers and books were used as secondary
data sources to identify the issues related to curriculum development
12
and its implementation. The following libraries were used: Ministry
of Education Library, Kenya Institute of Education Library, Kenya
University College Library, University of Massachusetts Library, and
Science Education Program for Africa Resource Center.
Question 2 : What are the origins, objectives and present status
of science curriculum programs in Kenya?
A review of literature through a library and archival materials
search was made using the documents identified in Question 1. Selected
personnel in educational policy making, development and implementation
of science curricula were interviewed through open-ended questions.
Those interviewed included Ministry of Education headquarters senior
officers, science inspectors, science curriculum developers, East
African Examination Council officials and field staff, provincial
administration, the University of Nairobi and Kenyatta University
College lecturers and professors, teacher trainers and secondary
school teachers. Selected pan-African science educators were also
interviewed. The respondents for the interviews (Appendix C) were
selected on the basis of their past and/or present interest and
involvement in science education in the country.
The information gathered through the literature review and the
interviews was used to conceptualize and trace the historical
development and assess the current status of secondary school science
curricula programs and suggest possible future trends and projections
in the development of science programs.
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Question 3: How are the prescribed science curricular programs
being implemented in secondary schools?
Question 4: What factors are apparently affecting the implementation
of secondary science curricula?
Question 5: What is the relative influence of these factors in the
implementation of science programs?
Questions 3, 4 and 5 were considered together because they were
closely related and were concerned with the implementation of
programs at the institutional and instructional levels.
A sample of 91 government secondary schools was used in the
study. The selection of the schools was based
on the demographic characteristics of the schools such as the size
of the school, the type of the school and the science courses/
syllabuses offered by the schools. 3
A detailed study of the sample schools was carried out by
examining the type and size of schools (whether rural or urban, boys,
girls or mixed, government or government-assisted), student and staff
composition, the teaching-learning environment, the science programs
offered in the schools, the instructional materials used and the
instructional methods used through a headteacher and science teacher
3Harambee schools were not used in this study. Most of these
schools go only as far as Form II. Those that go beyond Form II are
only permitted to offer general science because of the teachers and
science teaching facilities available. Finally, Harambee schools
that are well managed and have potential for future development are
absorbed into the government school system as funds become available
14
questionnaire. Ten schools were randomly selected from the 91
schools and visited by the researcher. During these visits, open-
ended interviews were held with the headteachers and science teachers
to cross-check the information obtained from the questionnaire. The
interviews were carried out to discuss curriculum formulation policy
by the school, the science policy, teaching strategy adopted by the
school, problems related to science teaching facilities, science
teachers, students, the impact of public examinations on teaching,
assessment of the suitability of science courses and suggestions for
the improvement of science teaching. An assessment of the available
science teaching facilities was done during the visits to schools by
examining the number of science teachers in the schools, their
qualifications and experience, the number of science teaching
laboratories, the chemical apparatus and equipment available in the
schools. The frequencey of utilization of the science teaching
facilities was discussed with the teachers.
The extent to which the various factors influence the implementa-
tion of the programs were analyzed and evaluated. The study itself
represents a potential model for a system of information retrieval
which will be important for effective planning and implementation in
science education.
Data Analysis
The data were analyzed by comparing the information gathered
in the three methods used in the study: the teacher questionnaire;
interviews with educational personnel; and visits to schools.
15
Comparisons were made to identify patterns and trends from the three
data sources that would provide answers to the key research questions.
The data are presented in a descriptive and pictorial form
using frequencies and percentages. In the analysis of the content
of instructional programs as a possible factor affecting the imple-
mentation of programs, teachers' assessment of difficulty in teaching
the different topics was contrasted with student performance in these
topics. This was done to determine whether there was any identifiable
pattern between the two data sources. The data on student performance
in the East African Examination Council, East African Certificate of
Education examination for 1977 was used. In the 1977 East African
Certificate of Education examination in chemistry, and physical
science examinations, frequencies, means and facility values are
used. The facility values are used as a measure of the difficulty
of the examination items to distinguish between academically strong
and weak candidates. The facility value (F) is a ratio of the mean
mark by the candidates and the maximum mark on the question.
Facility Value (F) = Mean mark obtained by a student
Maximum mark for the question
These facility values were used to determine the degree of
correspondence between areas of student weakness and strength and
the areas of the physical science course that teachers indicate they
have difficulty in teaching for a variety of reasons.
16
Organization of the Study
The study is organized into six chapters. Chapter 1 is the
Introduction outlining the statement of the problem, the purpose of
the study, signficance
,
design and data analysis of the study.
Chapter 2 reviews the literature on general issues relating to curric
ulum development and the factors affecting its implementation.
Chapter 3 examines recent developments in science education and the
emergence of a national curriculum development movement in Kenya.
Chapter 4 reviews the implementation of secondary school science
programs in Kenya.
The implementation of science curricula programs at the in-
stitutional and instructional levels is examined and reported in
Chapter 5. Finally, in the last chapter, the study is summarized
and recommendations for future secondary school science education
programs are advanced.
CHAPTER I I
ISSUES IN SCIENCE CURRICULUM DEVELOPMENT AND IMPLEMENTATION
Introduction
This chapter reviews the literature on developments and implemen-
tation of curricular programs with special emphasis on science
education. A general review of developments in science education as
an aspect of social change within the contemporary society is made in
the first section of the chapter.
The second section examines the concept of school curriculum and
its implication on implementation at the instructional level. The
third section examines science curriculum development and implemen-
tation. Barriers to implementation of science programs are examined in
the fourth section. The final section examines the role of research
and evaluation in the implementation of curriculum reform.
Science Education as as Aspect of the Process of Social Change
Rapidly expanding developments in science and technology have had
an immense impact worldwide. While many of these developments have
originated in the more developed countries, their effects spread
quickly to other parts of the world and affect even the most unaware
members of the world community. However, in spite of the pervasive
influence of science and technology, their respective natures and roles
are little understood by the average citizen, even in countries with
17
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high literarcy rates and where the majority of students complete
secondary education (UNESCO, 1977: 189).
This lack of understanding has very practical behavioral and
social consequences inasmuch as it is difficult for a society to
harness science and technology for national development if they do not
form an integral part of the culture they are intended to serve, and
if the public does not understand both the potential benefits and the
hazards that may be involved. As a consequence there is a need to
develop an understanding of the nature of science and technology and
the roles they play in the modern world.
Throughout the world there has been a growing demand for more and
better science education at all levels in the hope that this would lead
to a better understanding of science and technology. For example, in
giving formal expression to the rising consciousness of the role and
value of education that had begun mainly in the early 1950's in
Africa, the Addis Ababa Conference of Ministers of Education in Africa
pointed out that:
the development of human resources is as important and urgent as
the development of natural resources.
. . . the content of education should relate to the economic
needs of the countries greater weight being given to science and
its application in technology (UNESCO, 1961: 7).
These sentiments were echoed by ministers in their subsequent
meetings in Nairobi and Lagos in 1968 and 1976, respectively. 1
Philip Coombs tersely summarized the feeling of many govern-
ments when he pointed out that:
1The UNESCO Conference of Ministers of Education in African
Member States held in Nairobi in 1968 was exclusively for considering
the role of science education in national development.
19
What is at issue here is not merely production of a scien-
tists and technicians, but the production of a scientifically
and technically literate people who can live safely and sanelyin a new kind of world (Coombs, 1968: 102).
The twentieth century poses a strong challenge to science educa-
tion in many ways. Science is not a static body of knowledge; it has
an exapandmg frontier. Knowledge has increased and continues to grow,
both in quantity and complexity. There is a need for continuous
modernization and updating of school syllabuses and courses.
Over the years, new topics have been added to the syllabuses
and courses in an attempt to keep up to date with the expanding
frontiers of knowledge without necessarily removing any of the old
content. As a result, "the content of science courses tended to be
filled with unqualified scientific statements and technological
information ... so that the knowledge can be memorized and
reproduced as required by public examinations (Pitre, 1970: 6).
Since man's capacity to accumulate and memorize knowledge has basic-
ally remained the same over the past centuries, it is necessary not only
to weed out the dead wood from science and include modern topics, but
also to lay stress on general principles which are relatively more
permanent. The policy of adopting or adapting some existing curricula
or producing a new one that suits the needs of a country is very common
and widely recognized by many governments in developing countries.
Many countries favor the adaptation of a new curriculum or
the development of a new program altogether. In supporting the
notion of curriculum adaptation, Baez argued that:
although the science concepts are universal, the textbooks
presenting the concepts and examples therein must reflect
20
local and familiar environments where they are to be used
(Baez, 1976: 45).
Usually the pressure for curriculum change may be rooted in
one or more factors. These may be a political or ideological
concern, practical expediency or an appealing new theory (Warring,
1979: 8). Whatever the source, the pressure for change generates
some dissatisfaction that the curriculum is not serving its purpose.
Curriculum development therefore must be seen as an effort to bring
about educational change in the world of practice. Above all, it must
be seen as an aspect of total education reform in the more general
phenomena of planned or unplanned social change in the larger social
system (Bloom, 1972: 346-349).
In their studies of curriculum change, Donald and Walker
suggested that:
The process of the implementation of curriculum programs or
lack of it, may depend on less ostentatious developments
within many classrooms and that in the past we may have over-
estimated the contribution of curriculum projects to the climate
of change (Donald and Walker, 1979: 23).
The climate for change and the environment in which curriculum
development and implementation takes place must be within the context
of national goals. It is from these goals that educational objectives
are derived. The educational objectives (1) guide the curriculum
developers in the development of curricular programs; (2) guide the
teacher in creating appropriate learning environments; (3) inform
the students what they are expected to learn in school; (4) provide
a framework for the evaluation of programs; and (5) inform the public
what the school system intends to do with its resources and children.
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of curriculum policy making, development, instructional planning
and classroom teaching may be assessed and improved upon.
In the development of recent science education curriculum
programs in Kenya, courses "stress the importance of the young
students' discovering the behavior of substances,
. . . thinking why
a change takes place, and the guided discovery of the ideas and
principles of science" (Ministry of Education, 1976: 1). The emphasis
throughout is a move from memorization of the facts of science to an
emphasis on understanding and comprehension of science; drawing the
conclusions based on experimentation, observation and discussion.
Until recently "science education has been largely a matter of
purveying information about science and memorizing the facts in
order to pass externally set examinations" (Haggis, 1972: 50). Now,
activity is being stressed so that each lessson should give the
child an opportunity to handle objects, to carry out experiments and
observation, to discuss his discoveries with his classmates and his
teacher and to draw theoretical and practical conclusions from them
(UNESCO, 1976: 35).
Morris and Hanson also pointed out that:
the trend in science education has been more towards under-
standing of fundamental science principles and that the method of
making understanding has shifted from instilling facts or demonstra-
tion experiments "to prove that," towards giving training in
making deductions from observation and knowing how to tackle and
solve problems for oneself (Morris and Hanson, 1970: 6).
Any educational scheme can be analyzed according to whether or
not at the time of assessment in public examination or at school the
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demands made by the questions encourage the intentions behind the
scheme (Ministry of Education, 1976: 33). Usually what students
find they must do, throughout the school year to achieve success,
they naturally regard as an indication of what teachers and the
Ministry of Education consider as important (Ministry of Education,
1976: 34).
In situations where success from one level of education to the
next, or for entering a career, heavily depended on one end-of-the-year
examination, or at the completion of a given program, examinations
have continued to control what is taught in schools and how it is
taught (Khamala, 1980: 51). As a consequence the examinations
determine the actual curriculum in schools as opposed to the stated
curriculum. Any meaningful reform of the curriculum must
begin with reform of the examinations, for this may be "the only way
to force or even to initiate a change in curriculum" (Kerr, 1977:
95). Curriculum development projects in recent years have emphasized
the strong link between implementation and terminal examinations in
recognition of the fact that
To control the matriculation examinations of a country is to
control its educational system; to develop tests that are widely
used for selection and prediction purposes is to determine which
human qualities are prized and which are neglected; to develop
instruments that are frequently used to classify and describe
human beings is to alter human relations and to affect a person's
view of himself (or herself) (Bloom, 1970: 25).
In addition to the production of course material it is necessary
to produce readily available and inexpensive apparatus and equipment.
This is important because without the apparatus, chemicals and
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equipment required to teach the courses as stipulated, the teacher
tends to revert to the much "easier" talk and chalk, purely demonstra-
tion or lecture methods. To help in this area, the Kenya government
established a Science Equipment Production Unit (SEPU) and commissioned
the Kenya Science Teachers College to design, manufacture and dis-
tribute secondary science apparatus and equipment. 2 The equipment
produced at the Unit is always about a third of the price of equivalent
equipment imported from overseas. The Unit also organizes training
programs for teachers on the use of their apparatus and equipment in
the teaching of science.
Meaning of School Curriculum and Its Implementation
The word curriculum is derived from a Latin root meaning running
or "racecourse" (Zais, 1976: 6). Traditionally, school curriculum
has indeed been organized as a racecourse, with many hurdles to be
cleared before a student comes to the end of the educational race.
Although curriculum has been considered by educators for
centuries by such educators as Plato, Comenius and Froebel, to
mention only a few, a systematic study of curricula did not occur
until the twentieth century (Zais, 1976: 4-6). Starting in the
United States at the turn of the century, development of curriculum
as a field of study has spread to many parts of the world and continues
to generate interest in very diverse groups of people. Nevertheless,
2The function of SEPU has been broadened to include bulk im-
portation and distribution of the sophisticated science teaching
equipment and chemical. Eventually their productions will also cover
other sectors of the school system.
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as a field of study, curriculum is still in its infancy and connotes
many things to different people. Although the word curriculum is
casually used in literature and in discussions about schooling and
education, as though its meaning were common, a careful examination
shows that curriculum commands different meanings to different people.
Analyis of perceptions of policy makers, educational admin-
istrators, school principals, teachers and students suggests that in
practice, curriculum means different things to different groups. For
example, to the policy makers and educational administrators, curric-
ulum is often considered as the subjects and learning opportunities to
be provided in a school. To the school principal curriculum may be the
listing of the courses in the school program of study such as physics,
mathematics, geography, chemistry or biology offered by the school.
It also includes curriculum materials produced by the Ministry of
Education and commercial publishers. The listing of the courses
offered usually does reveal the content of the courses in the various
subjects. To many teachers, curriculum means the course content as
indicated in examination syllabuses, course outlines, printed mater-
ials, textbooks, guides and schemes of work in a particular subject.
This conception of curriculum limits its meaning solely to selection
and organization of data and information needed for learning. Finally,
to the student it may mean classes, lessons, homework and examinations.
Curriculum conceived as planned learning experiences in one of
the most prevalent concepts among specialist in the (curriculum)
field today. In this conception, curriculum is defined as "all the
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experiences which are offered to learners under the auspices of the
school" (Zais, 1976: 8). This definition also seems to command
acceptance by educational policy makers and educational administrators.
However, it has been questioned by some specialists as being too
broad to be functional (Johnson, 1967: 129-131) while others view the
definition as too narrow (Taba, 1962: 8-10), since curriculum must
include all the experiences the learners have under the auspices of the
school whether they are planned or unplanned.
This apparent conflict of opinions points to the compex nature
of curriculum and the difficulty of arriving at an all-embracing
definition. As will be seen from the above viewpoints, the various
conceptions of curriculum are not mutually exclusive, nor are they
necessarily wrong, but present different aspects of the same concept
as seen by different participants or theoreticians in the educational
race
.
It may be argued that the definitions presented here emphasize
the learning experiences to be provided to students rather than for
planning purposes. Since the ultimate purpose of curriculum develop-
ment is implementation at the instructional level, the experiences to
be provided to students provide valuable data for assessing the
quality and effectiveness of planned curriculum.
Critics of the above definition such as Mauritz Johnson argue
that "planned learning experiences" is too broad a definition of
curriculum. He draws a distinction between curriculum and instruction
and points out that
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There is no experience until an interaction between theindividual and his environment actually occurs. Clearly, suchintraction characterizes instruction not curriculum
(Johnson, 1967: 130).
He goes on to argue that curriculum plays a role in guiding instruction
and therefore must be viewed as anticipatory and implies intent.
Johnson's model views curriculum as an output of a curriculum develop-
ment system and as an input into the instructional system. Guided by
the curriculum, the teachers carry instructional planning, instruction
and evaluation in the instruction system to actualize learning
outcomes as stipulated by curriculum developers or teachers. All
other planning activities such as the decision on specific content,
the learning activities and the classroom evaluation procedures may
be considered as instructional planning.
The implementation of a curriculum is achieved through the
choices of specific learning outcome(s) to guide in instructional
planning. The provision of learning opportunities in the teaching-
learning environment constitute the implementation of the instruc-
tional plan. Therefore, the evaluation of the effectiveness of the
implementation of a curriculum may be evaluated through the achieve-
ment of the intended outcomes.
At a theoretical level, Johnson's definition enables us to
conceptually isolate and analyze the processes of curriculum implemen-
tation, instructional planning and subsequent implementation in the
classroom. However, in practice, it is difficult to isolate the
implementation of curriculum and instructional plans at the
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institutional level since the teachers are continually peforming both
roles in the processes of curriculum implementation and instruction.
The issue of the distinction betweeen curriculum and instruction
was examined by Macdonald, who conceptualized schooling as an inter-
action of four systems. These are teaching, learning, instruction
and curriculum (Macdonald, 1965: 3).
Fig. 2. The scope and function of curriculum in Education:
Macdonald model.
Macdonald defines curriculum as "a plan for action" and for
guiding instruction. In this model instruction is used to mean the
action context within which teaching and learning takes place.
Both Macdonald and Johnson use the criterion of action or
implemention of a plan as the basis for making a distinction between
curriculum and instruction. However, Macdonald's definition is much
broader, as it makes consideration of other aspects such as content
and learning activities in addition to the planned or intended
learning outcomes.
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Taba finds excluding from the defintition of curriculum everything
except the statement of objectives and content outlines and relegating
anything that has to do with learning experiences to method might be
too confining to be adequate for modern curriculum. She argues that:
A sharp distinction between method and curriculum seems
unfruitful, but some distinctions need to be drawn between
aspects of learning processes and activities that are of
concern in curriculum development and those that can be
allocated to the realm of specific methods of teaching. Only
certain objectives can be implemented by the nature of
curriculum content.
. . . Others can be implemented only by
the nature and organization of learning experiences
. . . and
that the criteria for the decisions about learning experiences
necessary for implementing major objectives belong in the
realm of curriculum design (Taba, 1962: 9).
The value of Taba's analysis in the context of curriculum
development and implmentation lies not so much in drawing the sharp
distinction between curriculum and instruction, but in pointing out
that curriculum and instruction are not discrete components but parts
of a continuum of educational phenomena. In this conception the broad
aspects such as general aims and objectives, content and recommended
methodology belong to the realm of curriculum, while specific aspects
such as schemes of work and lesson plans are allocated to instruction
and teaching. Figure 3 summarizes the continuum along which subjective
judgment may be to determine the curricular or instructional nature of
educational phenomena.
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Fig.
CURRICULUM
3. Curriculum-instruction
INSTRUCTION
continuum of educational phenomena.
Thus, the model uses relatively flexible subjective judgment in decid-
ing the rather hazy dividing line between curriculum and instruction
in the continuum.
This review of the definition of curriculum illustrates the
difficulty of formulating a theoretical definition that will satisfy
all situations at all times. May be the multidimensional nature of
curriculum makes a linear definition inadequate.
In their recent studies of curriculum Sinclair and Ghory
examined the various definitions given to curriculum such as "a course
of study," "intended learning experiences," "all the experiences
under the auspices of a school," or "what is perceived by the learner."
As far as they were concerned,
the general meanings of curriculum mentioned above are
understandable definitions, yet when considered spearately
they can lead to a way of thinking that is disconnected
from . . . curriculum dimensions we believe exist in the
reality of schools and classrooms (Sinclair and Ghory,
1979: 7-8).
In this study, they concluded that the different definitions are a
part of "continuum of thinking" that runs from externally derived
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curriculum at the policy level to internally perceived curriculum
at the student level as indicated in Figure 4.
In the above study, three separate but related dimensions
that characterize curriculum in the practical setting of schools were
identified. These were the (1) expressed dimension; (2) the
implied dimension; and (3) the emergent dimension (Sinclair and Ghory,
1979. 3). The interconnections among the dimensions contribute to
the dynamic nature of curriculum. This study will be examined in
detail because it relates most closely to implementation.
The emergent dimension of the curriculum consists of the
planned-for written official statement of intended learning objectives,
the learning opportunities to be provided, the sequence of content
and the evaluation procedures to be used. This dimension constitutes
the course of study, of which the academic disciplines are often a major
source of data.
The implied dimension consists of messages received by school
administrators, teachers and learners from the administrative,
social, physical and intellectual setting of the school. This
dimension includes stated and unplanned messages and actions implied
by institutional rules and regulations. This dimension is critical
in shaping the perception of teachers and learners of the school and
classroom environments.
The emergent dimension of curriculum includes the ongoing
alterations and adjustments of the official curriculum in the light
of implied dimension to ensure harmony between the learners and the
requirements of a specific curriculum.
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Curriculum as
a Course of
Study
Curriculum as
Intended Learn-
ing Experiences
Curriculum as
All school
Experiences
Curriculum as
the Perception
of Learners
Externally
Decided
Curriculum
Internally
Perceived
Curriculum
Fig. 4. Continuum of curriculum definitions.
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Planned implementation of a curriculum must take into account
all three dimensions to ensure that they are consistent and support
each other for effective learning. Table 1 represents a grid that
links the dimensions of curriculum and the four general definitions
of curriculum. The grid also shows the major and minor emphases on
the interplay among the definitions and dimensions from the Sinclair
and Ghory studies.
A review of the continuum of curriculum definition and the
curriculum dimensions relates the externally derived curriculum
to the expressed dimension of curriculum, and the internally perceived
curriculum of the emergent curriculum. Secondly, the expressed,
implied and emergent dimensions of curriculum may be expressed as a
curriculum circuit in which the teachers are continually creating
learning conditions in response to expressed, implied and emergent
curriculum demands as shown in Figure 5.
Externally Derived Curriculum Internally Perceived Curriculum
Fig. 5. Curriculum circuit. Continuum modified to include definitions.
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TABLE 1
GRID OF DEFINITIONS RELATED TO DIMENSIONS
Dimensions
The Expressed The Implied The Emergent
Curriculum as
a course of
study •
Curriculum
as Intended
Learning
Experiences • o
Curriculum
as all school
experiences • o o
Curriculum
as
perceived by
learners o • •
• = major emphasis
° = minor emphasis
Source: R. Sinclair and W. J. Ghory, "Curriculum as an
Environment for Learning: A Practical Meaning
and Model," paper presented to AERA, annual
meeting, San Francisco, 1979, p. 8.
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This model provides opportunities for teachers to "reconstruct the
learning environments in an emergent fashion whenever they recognize
gaps between plans and expected student behaviour" (Sinclair and
Ghory, 1979: 11).
The definitions and dimensions of curriculum reviewed in
this section attest to the complex nature of curriculum and its
implementation. It also underscores the need to adopt a multi-
dimensional approach to the analysis of curriculum issues.
Curriculum Development and Implementation
The means for changing science course may take many forms. It
may be a new course, a new examination syllabus, a new training
program for teachers and educational personnel or just rethinking of
content and/or teaching methodology by an individual teacher. It
may also be a need to establish an industrial base in the national
economy through science teaching. Whatever the source of curriculum
change and the means to bring it about, there are several factors
that must be considered when designing a science curricula program.
These include (1) diagnosis of the nature of science; (2) diagnosis
of the nature of the learning; (3) the appraisal of the available
human and materials resources; (4) selection and organization of the
course content; (5) analysis and synthesis of the learning opportuni-
ties to be provided by the course; and (6) the training and orientation
of leadership for implementation (Pitre, 1974: 2-3). This comes
through contributions by different people involved in the education
system. Program development and implementation must therefore be a
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cooperative effort among practising scientists, pedagogues, admin-
istrators and teachers who will ultimately use the programs at the
institutional and instructional levels.
As discussed in Chapter 1, in recent years, attempts have been
been made to improve the teaching at both the primary and secondary
levels in Kenya.
In pre-independent Kenya, all curriculum at the secondary-school
level was controlled by the overseas examinations boards and individual
textbook writers and publishers. 3 In typical British tradition, every-
thing, except the content of the examination syllabus was on offer to
schools. It was the responsibility of the schools to select what
subjects could be taken at the end of the course.
The examination syllabuses contained the list of the topics
of the content to be covered and the schools taught to cover the
examination syllabus content. The textbook writers and publishers
wrote and published books to meet the requirements of the examination
syllabuses. Many of the textbooks written in this period always
indicated the syllabuses for which they were intended. The examination
bodies decided when to revise or discontinue any of their syllabuses
without consultation of referring to anybody. They merely informed
the ministers of education when the old syllabuses would be replaced
with new ones
.
3The main overseas examinations boards in East Africa were the
Cambridge Examinations Syndicate and the University of London
Examinations Boards, until these operations were stopped when the
East African Examinations Council was established.
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At independence, in the former British colonies particularly,
there was great concern about the great dependence on imported syl-
labuses and textbooks. Since the new governments could not change the
examinations immediately, efforts to prepare new materials to assist the
teachers in preparing for the examinations were developed. In Kenya,
support materials were prepared to assist science teachers in teaching
for the Cambridge Overseas Examinations Syndicate Syllabuses in
science. Little did the Ministry of Education and the developers of
the materials know that this was to be a classical example of the
power of the examination boards in determining the direction of
curriculum change.
Just as the production of the curriculum support materials for
physics, chemistry, biology and physical science for Forms I to IV
was completed by the Kenya Ministry of Education, the Cambridge
Overseas Examinations Syndicate decided to revise all the overseas
science syllabuses, 4 thus rendering the materials and many years of
work obsolete and to a large extent useless even before it got to
schools (CDRC
,
1969). This led to a great deal of frustration for
both the Ministry of Education and those responsible for the developing
of the materials.
This rather abortive development was followed by the development
of the School Science Project (SSP) for East Africa in chemistry,
physics, biology and physics with chemistry. This was intended to
be initially an adaptation of the Nuffield Science Teaching Project
4The syllabuses in physics, chemistry, biology and physics with
chemistry were revised in 1969 and examined for the last time in 1973.
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courses, developed in Britain, to serve the needs of East Africa 5
for the ordinary level of the School Certificate examination. The
SSP courses emphasized practical work, problem solving and inquiry
approach to teaching. The development of courses included the
production of curriculum packages in the various subjects, an
aggressive teacher training program during the development phase, and
new-type examinations based on the courses rather than an examination
syllabus (Meyer, 1970: 6-7).
In the planning for curriculum change in East Africa, in the
School Science Project, subject panels and working groups were formed
in each of the participating countries to work collaboratively
. These
groups were composed of national science educators from the uni-
versities and secondary teacher training colleges and the ex-
patriates, mainly from Britain, but who had lived in East Africa for
some time. The science educators worked with officials from the
Ministries of Education, and secondary school teachers throughout the
project development period.
Another example of effective collaboration of national and exter-
nal experts in production of science programs was found in Nigeria
through the Science Teachers Associations of Nigeria (STAN) in the de-
velopment of a Nigeria Integrated Science Course. The organization
worked jointly with Unesco and the Heinemann Publishers in the
5Minutes of the Regional ad hoc meeting on the development of
the Nuffield Science for East African countries held in Kampala, Uganda,
September 1968. They outline the objectives of the School Science
Projects
.
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production, publishing and distributing the course materials
(Lockard, 1966: 9).
The completion of the development in a curricula project is
followed by the adoption and implementation of the new curriculum in
the education system. These are an essential component in the
curriculum reform process. Adoption is the point at which the users
(the school system, the schools and teachers) express acceptance of
the new program and a desire to use it. Implementation on this
level is the point at which the change is actually realized in the
classroom (Pratt, 1980: 435-436). This step involves the interaction
of the students, the teacher, the materials and the curriculum plans
at the instructional level.
The linear development, evaluation, decision-making and imple-
mentation process of curriculum development may not be found in a
centralized system such as in Kenya. Usually, in such a system,
there is only one curriculum development center and only one curriculum
project in any one subject at any one time. The decision to implement
the new curriciculum is implied and taken for granted once the
development of the curriculum project is approved by the Ministry of
Education. As a consequence, there is no stage when the curriculum
developer must go to some authority to seek permission or considera-
tion for the implementation of a new project. Once the development
of a curriculum project is completed, more and more schools implement
it until the whole country is involved. However, the Ministry of
Education decides when the implementation of a new course may begin.
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The Ministry of Education also makes the decision on what courses or
syllabuses may be taken together and which may not.
But who are the decision makers? To whom are the decisions to
be directed? Who really controls the curriculum? For centuries, the
three major forces for control of education were finance, administration
and professional consideration. Furthermore, finance, administration
and professional consideration were vested in ownership. However,
this has changed considerably over the years, both in terms of owner-
ship and the use of authority. In both centralized and decentralized
systems, the central authority delegates some or all the authority to
the local authorities to experiment and implement. This is usually
done within certain ideological and educationally defined parameters.
In Kenya, unlike in many fully centralized education systems,
it is the headteacher at the individual school level who has final
responsibility for formulating a school curriculum in consultation
with his staff and the board of governers. The central government
through the Ministry of Education may set standards to be met by
schools and prescribe what may be offered in schools, but the final
decision rests with each school.
Once the decision on the adoption of curriculum has been made
at the institutional level, then the teacher must implement the
program at the classroom instructional level.
The two essential components in the process of education
reform are the teacher and the students, but the link between the
two is the curriculum through which knowledge, skills and attitudes
are transmitted (Pitre, 1970: 9). As a plan for learning, curriculum
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provides a structured series of intended outcomes by prescribing and
anticipating the results of instruction at the classroom level
(Mauritz, 1967: 130).
Since the early days of curriculum reform, curriculum developers
have tended to think that since their new ideas were so very good,
they would be widely accepted by schools. However, it is now
recognized that the implementation of curriculum change at the
classroom level is indeed a much more complex process. As Stake
pointed out:
The whole cloth of education programmes is a grand accumula-
Tion on intents, transactions and outcomes. The teachers
intended to deliver on the many promises and to take ad-
vantage of many targets of opportunity. Students and parents
have their expectations and apprehensions, community leaders,
social critics, and educationists have "viewed with alarm"
and pointed with pride." Each child brings his own complex
of convictions, misunderstandings and propensities and takes
away some of those and still others. Each classroom is a
community, with rules and stresses and competition and com-
passion. Yesterday's sub-groups are not tomorrow's. Things are
learned, unlearned, relearned much as shoelaces are knotted,
untied, broken and retied. An educational program has countless
objectives, many of them dormant until a crisis arises.
Priorities vary from time to time, from person to person. No
statement of program objectives ever devised has come so close
to representing the real-world intents of people involved
in the educational program (Stake, 1972: 2).
It must also be appreciated that a program by itself has little
chance of meeting its objectives unless the teachers who are involved
in its implementation are themselves conversant with its objectives,
understand its philosophy, and are committed to teaching within the
spirit that the program procedure advocated (Khamala, 1980: 51).
Curriculum developers must therefore always take this fact into
consideration and must realize that whatever they put out as a
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curriculum plan may not in fact be implemented in the classroom
practice as envisaged. As Zais observed:
It is a pitifully naive person who assumes that what appearsm the textbooks, or curriculum guide, or course of studyis what is taught. In fact, recent research has indicated
that the reverse is true
. . . studies of the implementation
of some recently developed science curricula materials show
that teachers present the subject in ways that are significantlydifferent from the conceptions intended by the curriculum writers(Zais, 1976: 477).
The teacher is critical to the success of any curriculum
innovation. The relationship between the curriculum developer and
the teacher must be seen as a partnership in which the initiative at
the curriculum design and development phases rest with the former,
while in the selection of instruction and strategies and the provision
of a suitable and conducive learning environment for the students,
the teacher is the primary decision-maker. This raises the concern
for better teacher training, which indeed constitutes a question
fundamental to all future educators for so long as this has not been
satisfactorily approached, "it is idle to set up ambitious curricula
or construct time-consuming theories about what should achieved"
(Piaget, 1972: 12-27).
Barriers to Implementation of Curriculum Change
From the foregoing consideration, it is clear that new programs
make many demands upon those involved in the development and management
of the implementation of curricula programs. These include policy
makers, curriculum planners, administrators and teachers. Above
all, this call for the evolution of an organization and communication
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system that allows flexibility in planning at all levels, a measure
of decentralization in development, and implementation and control
at the central and local levels. To undertake this kind of management
requires considerable knowledge and close personal relations between
central and field workers. Indeed an important realization of a
curriculum worker is that "the process of implementation is one of
persuading people to make certain decisions. And, as such it is
neither a curriculum process, not an academic process, nor an in-
tellectual process (Pratt, 1980: 425).
The launching of the first generation of major science projects,
particularly in the United States of America in the late fifties,
was accompanied by a great euphoria and curriculum development
became a big industry. However, before long, it was clear that a
'formidable gap existed between the intentions of the curriculum
projects and what actually happened in classrooms" (Kelley, 1968:
32). As similar evidence on the implementation of discovery and
inquiry oriented programs began to appear in Britain, what had at
first been described as resistance to change began to be seen as the
cumulative effect of barriers to change. Six sources of conflict
which act as barriers to curriculum change can be identified.
The issues which emerge from this analysis are:
(a) Value conflicts : Many of the curriculum innovations are
a response to change in social, political and/or economic values.
This often represents a particular view and not an absolute value.
As these are made, in anticipation of widespread implementation,
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value conflicts emerge which can sometimes act as powerful barriers
to change
.
^ Power conflicts : Power conflicts arise out of the changes
in the distribution of power in the transition from development to
implementation and may positively or adversely affect the imple-
mentation
.
6
Psychological conflicts : This involves the inability of
human beings to change from one situation which is well known to one
which is unknown. Halliwell tersely summarized this when he said,
"the difficulty we all experience is seeing old familiar material
from a new point of view" (Halliwell, 1964: 70).
(d) Practical conflicts : The demands of new projects and the
complex array of demands and pressures existing in school and class-
room setting may bring about practical conflicts in decision making
about the teaching and learning strategies to be adopted, the adequacy
of resources (both human and material) in the school, and the intel-
lectual ability and interest of the students (Schwab, 1969: 1-23).
(e) Examination and selection : In the limited places at the
university and other institutions of higher learning selection has
been accepted as necessary and inevitable in both short-term and
long-term educational planning. The selection process emphasizes
the subjects that the student must pass to be regarded as successful
in the examinations. This combined with the type of examination
6 In Kenya, the Kenya Institute of Education is responsible for
curriculum development phases of programs, while the Inspectorate
Section of the Ministry of Education is responsible for implementa-
tion and maintaining of standards in schools.
45
taken at the end of the courses exerts pressure on both the teachers,
and the students on the subjects they take and the type of knowledge
considered important and therefore worth learning.
(f) Rapid social
,
economic and technological changes : Other
sources of resistance to changes are to be found in the new social,
economic and technological needs of a rapidly changing society.
These make many demands on educational institutions to equip their
graduates with social and scientific skills necessary to man both
public and private sectors of the economy. The society also expects
the schools and other educational institutions to enable graduates
to acquire sufficient flexibility and sophistication to cope with
change itself and all the strains that change imposes upon relation-
ships in a national setting.
Curriculum Evaluation and Research
The task of curriculum designing is a challenging undertaking.
However, the designers' work reaches fruition only when the curriculum
makes an impact on the learners. Many an excellent curriculum has
had insignificant results because its designers limited their horizon
to production of a curriculum materials rather than implementation
of the programs (Pratt, 1980: 409). Systematic evaluation is essential
throughout all the stages in the process of curricular reform to
provide a form of "educational intelligence for the guidance of
curricular construction and pedagogy" (Brunner, 1978: 163).
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Evaluation of educational programs usually emphasizes the
grading of students in schools and colleges, grouping and promotion
reports to parents, or financial reports to Ministries of Education
or boards of education trustees. A comprehensive evaluation program
should serve a broader range of purposes than these. Other important
purposes for evaluation are: periodic checks on the effectiveness
of educational institutions to indicate points at which improvements
in the programs are necessary; to validate hypotheses upon which the
educational institutions operate to assist in curriculum construction
at the institutional level; to provide information basic to effective
guidance of students through appraisal of students' achievement; to
provide psychological security to the school or college staff, to
students and to parents that the major objectives are being accom-
plished; to provide sound basis for public relations on the ef-
fectiveness of educational institutions; and to help both teachers
and students to clarify their purposes and to see more concretely
the direction in which they are moving (Tyler, 1942: 492-494).
Education evaluation must be seen as an integral part of the
process of education. It is a reviewing process involving the
formulation of objectives, clarification of the objectives, a plan
to study student reactions in the light of the objectives, continued
effort to interpret the results to throw some light on the educational
program and on the individual students.
The recurring demand for the formulation and clarification of
objectives and continuing study of reactions of students in terms of
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the objectives and the continuous efforts to relate the results
obtained from various sorts of measurements are all means for focusing
the interests and efforts of teachers upon the most vital parts of
the educational process. Evaluation provides a continuing means of
improving educational programs, and provides an increased under-
standing of students with consequent increase in the effectiveness
of educational institutions (Tyler, 1942: 550).
An examination of planned curriculum change over the last
twenty years throughout the world indicates how formidable an under-
taking it really is. Many of the proposals that form the basis of
the major curriculum reforms have realized changes that were less
considerably grand than was anticipated by the initiators.
If a utilitarian view is taken of research, it is not inappro-
priate to argue that "research is effective only to the extent to
which it is able, through its results and findings, to influence and
change aspects of practice" (Kempa
,
1977: 197).
There has existed a major gap between theoretical studies and
the practice of education for a long time. The situation has not
bypassed science education. One of the key issues in planning and
execution of research in science education is the generation of a
fruitful link between theoretical research and classroom practice.
The major causes of this situation arise from the following
specific issues: (a) the difficulty between science education
curriculum projects and research; (b) the need for an effective
organization and structural coalitions for development and imple-
mentation of new science curricula; and (e) the role of science
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teachers in the implementation of science programs (Hessen, 1978:
43-44).
To resolve the issues raised in (a) to (e) above, priority
action areas must be identified to bring closer links between the
practice of science education and science education research. These
should include: a systematic review of already existing research
results with the purpose of abstracting information of potential
value to science education; identification of research areas which
relate directly to the practical aspects of science education;
identification of lines of action to develop and enhance competence
of science teachers and educators through preservice or inservice
education; and evolution of a framework to facilitate active in-
volvement of science teachers in science education research.
Summary
This chapter has reviewed the literature on issues relating to
curriculum development and implementation. The factors that may
affect the implementation of science programs have also been examined.
The chapter thus perspective for inquiry into the implementation of
secondary science programs in Kenya.
In summary, the review and analysis of the development and
implementation of curriculum programs illustrate the complex interaction
between the various dimension of curriculum and learning environments
within the large social context. It also emphasizes the continued
role of systematic research for data collection to provide a basis
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for decision making for effective curriculum development and imple-
mentation. Finally, the chapter provides a framework for further
consideration of the variables that might affect the implementation
of curricula in Kenya.
CHAPTER I I I
DEVELOPMENTS IN SECONDARY SCHOOL SCIENCE CURRICULA
Introduction
This chapter discusses the historical background to the develop-
ments in science education in Kenya. Special attention will be given
to the programs that were aimed at improving the teaching and learning
of science at the secondary school level. The following aspects will be
examined.
The background to science curricular innovations
Science education developments on the African continent
in the 1960's
The emergence of a national curriculum development movement
in Kenya
The national education system in Kenya
The origin and development of secondary school science
curricula programs.
Background to Science Curricular Innovations
Recent studies on educational development, such as those
carried out by the International Association for Educational Advance
(IEA), UNESCO 1 and other government or quasi-government organizations
xThe commission reports entitled A World Education Crisis. A
Systems Analysis and Learning to Be by Philip Coombs and E. Faure,
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indicate that issues of educational reform:
.
. . cannot be settled solely on the basis of pedagogical
considerations or by drawing upon evidence from psychological
research. The education system does not and should not existin social vacuums (Hasen, 1975: 117).
The view taken by many educators is that the educational system
must be seen as an integral part of the national socio-economic
structure. Therefore, it is necessary to place educational develop-
ment within the context of the knowledge about networks and relation-
ships with other sub-systems in the overall socio-economic system.
Radical economists and educators such as Bowles and Gentis
(1976) and Freire (1976, 1980) have underscored the dependence of
educational developments on the national super-structure and suggest
that educational reform is not likely to succeed unless it is proceeded
by changes in the socio-economic organization. In addition to the
national structure there has been a rapidly growing international
exchange of educational ideas as a result of recent developments in
communication technology. These developments have considerably reduced
national isolation, and the time lag between developments in one region
and their possible adoption or adaptation in another region. Conse-
quently, events that take place in one part of the world can be
communicated quite easily to other parts of the world. In this way,
the chance of developments in one country or group of countries
affecting other countries quickly is far greater than ever before.
respectively, all originated from a desire by UNESCO to systematize
the process of educational reform.
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The developments in communication have been coupled with
complex international socio-economic aspirations that have had
significant effect on national educational developments. In the
past this consideration has been one of the major catalysts in
educational development especially in the emerging countries.
However, whatever the origin of an educational program, what is
adapted must be tailored to the needs of a given country and its
learners
.
The last two decades, more than any other period in educational
history, were characterized by a great concern for the improvement
of science education all over the world. This led to the development
of many new courses in science education, initially in the United
States and Western Europe and later in the developing countries of
Africa and Asia. It is this renewed surge of interest in education
that led to "new mathematics," "new physics," "new chemistry" and
"new biology" in the early 1960's. Many countries, both developed
and developing, embarked on amibitious programs to modernize their
school curricula. The developments were fueled by a fresh and
optimistic vision of a better and greater future.
The successful launching of Sputnik by the Russians in 1957 is
often identified with the origin of "the concerted science curriculum
reforms of 1960's especially in the United States as educators and
the American public began to question the effectiveness of school
science programs" (Goodlad, 1964: 9). It is indeed true that in the
United States the psychological fallout from the Russian episode led
to charges and countercharges on the relevance of school science
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curricula in a technological advancement. In this sense, Sputnik
precipitated a renewed national interest and urge for increased
commitment to support science educational programs. However, it
would be simplistic to ascribe all the science educational innova-
tions to the launching. By 1957 "new mathematics" had already
appeared on the U.S. educational scene. The Physical Science Study
Committee (PSSC) materials in physics had been written and the group
responsible for the development of the Chemical Bond Approach (CBA)
had already held its preliminary meetings (Hurd, 1971: 181-193). As
Hurd pointed out, A revolt over the status quo of science courses
had been fermenting for nearly two decades and it took only the
launching of the Sputnik I to ignite the spark" (Hurd, 1971: 26).
The proliferation of curricula programs may be traced to a
number of factors following World War II. Some of these are examined
here
.
In the United States, even as early as November 1944, President
Roosevelt asked the director of the Office of Scientific Research
and Development how
the nation's scientific resources, which had been mobilized
during the war, might effectively be returned to peacetime
contribution to the improvement of national health, creation of
new enterprises and national standard of living (Wolfe, 1972:
107)
.
Out of this concern came increased federal government commitment
to assume responsibility for the promotion of science and technological
development. The National Science Foundation was formed to support
research and other scientific activities by the universities and
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other non-profit organizations on a very broad basis (Wolfe, 1972:
109) .
Goodlad suggested that the records of the young men recruited
in the armed services revealed "shocking inadequacies in science and
mathematics programs of high school graduates" (Goodlad, 1964: 9).
The aftermath of World War II and Sputnik spurred the development of
new science curricula programs. The new programs involved the
development of new textbooks, new laboratory apparatus, laboratory
instruction manuals, instructional films, suitable examinations,
teachers guides and materials for background reading in contrast to
curriculum revisions of the past which were often just alterations
of the topics in the syllabuses.
From the foregoing it is clear that there were efforts to
reform science education before 1957. However, the launching of
Sputnik increased in the United States the awareness and the need to
accelerate school science curricula reform. It may be said that the
event marks the take-off point of major science reform in America to
ensure trained manpower of sufficient quantity and quality to
meet the defense needs of the United States. To correct as
rapidly as possible the existing imbalances in our education
programs which led to an insufficient proportion of our
population's education in science, mathematics and
languages (Grobman, 1964: 66).
Scientists and educators became increasingly aware of the need to
collaborate in the development of new science curricula. The outcome
of this cooperation was the production of a series of courses at the
elementary and high school levels. What began as a national curriculum
renewal movement in the United States quickly spread to other parts
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of Europe, particularly Great Britain and eventually to other parts
of the world.
In Britain, the urge was to develop a science program that
would
provide an intellectual discipline valuable in its own right,
and
1
H -?
ble t0 encoura §e an attitude of critical inquiry,
an ability to weigh evidence and development of mainprinciples and methods of science” (Chisman, 1964: 5).
The major pressure in Britain came from the House of Commons which
demanded that something be done "to improve the teaching of science
and mathematics in the country" (Warring, 1979: 2).
The Nuffield Science Teaching Project was launched through a
grant from the Nuffield Foundation to develop and produce instructional
materials in physics, chemistry and biology that would provide the
teachers with the means of presenting science in a lively, thinking
and imaginative way. The Nuffield courses emphasized the discovery
approach and active participation by the students. The courses were
developed essentially for the top 20-25 percent of the secondary
school student population in Britain and, by and large, as a prepara-
tion for entry to the university (Lucas and Chisman, 1973: 16).
Because of the increasing demand for a modern science course
for the average and low ability pupils in Britain, the Nuffield
Foundation sponsored the development of the integrated Secondary
Science Course at the Certificate of Secondary Education (CSE)
level. The objective of the course was to encourage the learners to
make accurate observations, make deductions from generalizations,
design and carry out simple experiments and construct hypotheses
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arising out of the generalizations, and test them (Schools Council,
1965: 1).
Although many schools in Britain adapted the Nuffield science
philosophy and approach in their teaching, the materials were never
adopted on a large scale. This may be because of the highly decentral-
ized nature of decision making in the British educational system or
because the objective of the project was to produce a set of materials
that would be made available to teachers in any way they wished.
The latter is negated by the fact that the Nuffield teams organized
many campaign-type meetings to introduce and urge teachers to adopt
the Nuffield courses.
Science Education in Africa in the 1960's
There are serious logistic problems in any attempt to trace and
determine the genesis of systematic science instruction development
in Africa. These problems arise from the size of the continent,
complexity of governance, collection and information retrieval.
There have been studies done on a continental basis. A recent
survey done by Science Education Programme for Africa (SEPA) on
science education in Africa traced the genesis of joint concern for
the quality of science education in Africa by Africans, ironically
to the 1960 Rehovoth Conference in Israel (Yoloye, 1980: 5). The
conference was concerned with the role of science in the advancement
of new nations. The conference "created a point of contact between
the two most decisive moments of the 1950's and 1960's, the scientific
process in educational reforms and the national liberation movement
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(Gruber, 1961: 2). At the conference much time was spent discussing
the provision and use of modern technologies such as nuclear reactors
and space exploration technology for the development of new nations.
The developments in science education curricula in the United
States and Britain had considerable impact on the developments in
the emerging nations of Africa in the 1960's. This happened partly
because the new governments were anxious to improve the quality of
their overall national education programs and partly because Britain
was very keen to proselytize their new science curriculum programs
in their former spheres of influence. However, it is legitimate to
say that curriculum innovations in science, mathematics and social
studies on the African continent was to a large extent a response to
the need for
a fundamental rethinking of educational programs so that they can
move the African man of tomorrow, rooted in the culture of his
continent but prepared to participate in building a modern
prosperous Africa, contributing towards the establishment of
a new world order with the rest of the international community
(UNESCO, 1976: 5).
The whole concept of taking technological development, developed
in Western societies as a panacea to meeting the problems in the new
nations, was consistently challenged by some of the participants
from new nations, especially from Africa. They stressed that what
was needed was fundamental education at all levels more than the
exotic fruits of technology. This was summarized by the Rev. Solomon
Chaulker
,
an African educator and philosopher, when he said:
To all of us has come a whole realization that science through
its constantly changing and growing insight, can be brought
to bear and to liberate the human spirit and to make all stand
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(^ri961: n273)
Ue£ memberS ° £ Che h”an race
In response, Professor Jerald Zacharias of the Massachusetts
Institute of Technology and the president of the Elementary Science
Institute (ESI) in Newton-Boston offered to organize a conference
for the African scholars and educators. With funding from the Ford
Foundation, a six-week conference was held in the summer of 1961 for
selected African, American and British educators and scholars at
Endicott House in Boston. The conference helped to identify special
needs for science education in Africa and designed approaches appro-
priate for the teaching of science to meet those needs.
The conference identified four program areas in African education.
These were (1) the teaching of mathematics; (2) the teaching languages;
(3) the teaching of science; and (4) the teaching of social studies.
Arising from the identification of these program areas there emerged
the development of continent and regional curriculum programs such
as the African Social Studies Programme, the East Africa and West
Africa Regional Mathematics Programs, and the African Primary Science
Programme
.
The African educators and scholars at the Endicott meeting
pledged to continue and spearhead curriculum reforms throughout the
continent. Initially the national science programs under the African
Primary Science Program were funded through a grant to the Educational
Development Center, Newton, Massachusetts (formerly ESI), but have
since been taken over by national governments. The African Science
Program was taken over by African governments and expanded to include
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other aspects of science education such as teacher training, training
of science eduators and curriculum evaluation. It became known as
the Science Education Programme for Africa. The organization continues
to develop pace-setting programs for use by member countries. Kenya
is a founding member of SEPA.
The development of curriculum projects in the United States
and Britain had very profound effects in developing countries.
Africa, like most other developing countries, was awakened to the
full realization of the need to step up scientific awareness and
manpower development. The Ministers of Education in Africa under
the auspices of UNESCO held a conference in Addis Abab, Ethiopia, in
1961 to consider the development and implementation of educational
programs relevant to the needs of Africa. In this meeting they
observed and made the following recommendations:
... as the present content of education in Africa is not in
line with existing African conditions but is based on non-African
background allowing us room for the African Child's intelligence.
The content of education should be related to economic needs,
greater weight being given to science and its applications
(UNESCO, 1961: 5).
Continuing in the same vein, the conference recommended that:
African education authorities should revise and reform the
content of education in the areas of curricula, textbooks,
methods, so as to take into account the African environment,
child development, cultural heritage and demands of
technological progress and economic development especially
industrialization (UNESCO, 1961: 7).
Science and technology were accepted by the conference as
factors which affect the life style of any country. Consequently
matters relating to specific aspects of manpower development in the
areas of scientific, technical and vocational education were discussed
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extensively. Objectives and targets which could lead to the realiza-
tion of national as well as continental goals were articulated, and
African countries encouraged to focus on them in their development
plans in the period 1960 to 1980.
Long-range education planning in African countries was emphasized.
It was at this historical conference that the important decision was
taken to set 1980 as the target year for Universal Primary Education
(UPE) in Africa. The focus of this first cycle of education was to
provide the opportunity and benefit of early exposure to education
which is meaningful and relevant to all the children of school-going
age in most African countries. The Addis Ababa meeting was followed
by other regional ministers of education conferences in Nairobi
(1968) and in Lagos (1976), to mention two. These conferences
provided further opportunities for the African countries to reexamine
their education priorities and achievements. The Nairobi Conference
(1968) particularly examined the role of science and technology in
development. In addition to organizing the conferences, UNESCO
launched a pilot project in Biology (1966) in Africa alongside
similar projects in Physics for Latin America (1963) and Chemistry
for Asian nations (1965).
A review of science education developments in Africa would be
incomplete without examining the role played by the Commonwealth of
Nations. The Commonwealth through its Commonwealth Education Confer-
ences has had increasing concern for education development and the
need to take advantage of developments in member countries. The
first Commonwealth Conference was held in 1957, in Oxford. At the
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second of the conferences two years later, a call was made to examine
the teaching of science and mathematics. In this and subsequent
conferences and meeting, the experts from Britain took every oppor-
tunity to promote and encourage member countries to adopt or adapt
the Nuffield courses in physics, chemistry and biology. This was
overtly supported and encouraged by the Center for Curriculum Renewal
and Educational Development Overseas (CREDO) to "give valuable assist-
ance to developing countries which wanted help in speeding up their
own programs of educational achievement" (Okatch, 1980: 71). They
were also interested in providing training and experts in the tech-
niques of developing new syllabuses and supporting teaching guides,
class aids, and apparatus to meet national needs.
The emergence of new nations in Africa was accompanied by new
demands. Two of the major demands were: the need for national
unity and stability and the desire for modernization
. While in
search of national unity and identity there was a questioning of the
institutions inherited from the colonial era. One of the institutions
to be examined was the educational system. Specifically, issues
relating to the relevance of the content of school curricula and the
educational structure were raised. In Kenya, for example, during
the colonial era there was a racially segregated education system
for the Europeans, Asians, Arabs and Africans, all deriving varying
benefits from the central government. The racially segregated
system was abolished and replaced by a unified national education
system at independence with a commitment to redress past imbalances
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in provision of educational opportunities and facilities. Industrial-
ization through scientific and technological advancement was seen as
the major strategy toward modernization. Science and technology
education became important considerations.
The National Education Structure
The development and implementation of school curricula must be
seen within the context of the national education system. This
section briefly outlines the national education system in Kenya.
Kenya is very conscious of the importance of education in
overall national development. Education is used to: foster national
unity; meet economic and social needs of national development;
provide opportunities for individual development and self-fulfillment
promote social equality and foster a sense of responsibility within
the education system by providing equal opportunities for all;
foster and develop respect for Kenya's rich and varied cultures;
foster positive attitudes to other countries and to the international
community (Ministry of Education, 1973: 1-3). In short, education
is geared "towards producing citizens with knowledge, skills and
personal qualities (attitudes and values) needed to support a faster-
growing economy" (Ministry of Education, 1972: 10).
Since the early 1950' s the formal education has been organized
on a three-tier system. The three levels are primary education,
secondary education and tertiary level. Pre-school education is now
a part of formal education although its development nationwide is
still in its infancy. While each level naturally leads to the next,
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each level is supposed to be complete in itself to cater to the
majority, who do not go into succeeding levels. Preschool education,
primary education, primary teacher education and special education
are under the Ministry of Basic Education and secondary education,
university and postsecondary education and training education are
under the Ministry of Higher Education.
Primary education. At the primary school level, education is general
and covers a wide range of subjects. This level takes children
through a seven-year cycle of education, culminating in the award
of a national Certificate of Primary Education (CPE). Selection for
secondary education is based on the performance in a nationwide CPE
examination. Primary education is offered in nearly 10,000 primary
schools. Special education is offered in special schools as well as
in ordinary primary for the less severely handicapped.
Secondary educaton
. There are three types of secondary schools in
Kenya. These are categorized as: general secondary schools, technical
secondary schools and special schools. General secondary schools
basically offer academic courses. However, there is an increasing
trend for them to offer industrial education. The vast majority of
schools belong to this category.
In the technical schools, forty-five percent of the tuition
time is devoted to technical subjects such as engineering, building
or telecommunications. At this level special schools only exist for
the blind and deaf students.
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Secondary education is divided into two phases of four and two
years' duration. After the first four years (Form I-IV); 2 the
students take the East African Certificate of Education examination.
On the basis of the performance in this examination candidates are
selected to proceed on to the next phase which is the advanced
school certificate level (Form V-VI). At the end of the course the
students take the East African Advanced Certificate of Education.
Again on the basis of performance in the examination, the students
are selected for university and other postsecondary education and
training institutions.
At the end of the second year (Form II) of the secondary educa-
tion cycle, there is an optional examination, primarily for students in
Harambee 3 (Community) and private secondary schools who wish to be
considered for entry into government schools and training institutions.
In 1977, there were 1,486 government-assisted, Harambee and private
secondary schools in the country distributed as shown below in Table 2.
University education
. University education is offered at the University
of Nairobi and its constituent college, Kenyatta University College.
The University offers courses in the Arts and Social Sciences, Natural
and Physical Sciences, Engineering, Medicine, Veterinary Medicine,
Agriculture, Architecture and related subjects, Commerce, Journalism,
2Secondary school education (Forms I-IV) is equivalent to grades
9-12 in the United States system.
3Harambee (Community) schools are set up, financed, and admin-
istered by local communities and only a few are supported by the
government
.
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Surveying and Photography. In addition, there are three institutions
operating within the university, namely, the Institute of Adult
Studies, Institute of Development Studies and the Institute of
African Studies. Kenyatta University College offers courses to
Bachelor of Education, Diploma and postgraduate courses in arts and
sciences for teachers.
TABLE 2
SECONDARY SCHOOLS IN KENYA, 1977
Management Number
Government 437
Assisted
7
Unassisted (Harambee and private schools) 1,042
National Total 1,486
Source: Ministry of Education Annual Report, 1977.
Non-university postsecondary education and teacher training education
Non-university teacher training is provided for primary and secondary
education levels. There are eighteen primary teacher training colleges
while non-graduate (Diploma/SI) secondary school teachers are trained
at three specialized institutions. These are the Kenya Science
Teachers College, which specializes in training science and mathematics
teachers; the Kenya Technical Teachers College which specializes in
training of technical and business education teachers and the Egerton
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Colleges which specialize in, besides trained general agriculturalists,
training of agriculture teachers.
Jorao Kenyatta College of Agriculture and Technology is currently
under construction. When completed, it will be responsible for
training agricultural technologists.
Technical and commercia l education
. Training in technical and
commercial subjects is also available at different levels of special-
ization. For example, this type of education is available at the
two national polytechnics, two government secretarial colleges, two
industrial and vocational training center, and the institutes of
science and technology which are being built as a joint venture
between the government and the community.
Preschool education
. Preschool education is provided either in
day-care centers or in preschool units in the regular primary schools,
especially in the urban areas.
Adult education
. Although adult education at the grass roots level
is carried out by the Ministry of Culture and Social Services, there
is an increasing effort to involve the Ministry of Education in the
development of Adult Education at this level. However, at the
higher level, it is conducted in a variety of ways by the Institute
of Adult Studies of the University of Nairobi, which is also given
additional funding by the Ministry of Education.
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The Emergence of National Curriculum Development
Movement in Kenya
The history of systematic curriculum development in Kenya may
be traced to the setting up of the English Special Center by the
Ministry of Education to advise and produce materials for upgrading
the standard of English teaching in Asian primary schools. Following
the success of the Center, the Nairobi Science Teaching Center and
Nairobi Mathematics Center were established to undertake the task of
upgrading the teaching of science and mathematics, respectively, at
the primary and secondary school levels.
All three centers were established as off-shoots of the In-
spectorate Section of the Ministry of Education and were all physically
located on the premises of the former Asian Central Teachers College
that became vacant when the college was closed during the desegrega-
tion of the school system. It was decided to bring about coordination
in curricula program development and administration by bringing all
three centers under a coordinator. The three centers were merged to
form the Curriculum Development and Research Center (CDRC) in 1966.
The new center continued to carry out curriculum developments through
a language section, science section and mathematics section. Teacher
Education and Research and Evaluation sections were added to the
CDRC later. In an effort to involve as many educators as possible
in curriculum development, the center established three sub-centers
at Siriba, Kagumo and Machakos Teachers Colleges. The sub-centers
were also responsible for trials and feedback gathering.
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As early as the 1950's, there was talk in East Africa about
setting up institutes of education modeled after the British In-
stitutes of Education except for variations due to geography and
facilities. The Binns Commission of 1951 and the Cambridge Confer-
ence of 1952 both strongly recommended the idea. However, it was
not until 1964, at the "Conference of Institutes of Education" in
Mombosa, Kenya, that the idea of curriculum development centers
attached to the university colleges of the University of East Africa
was articulated (Rukare, 1975: 12-15). The overall function of the
institutes would be initiating, organizing and implementing policies
relating to preserve and inservice teacher education in the various
levels of curriculum planning. The detailed planning and specific
assignment of functions for each institute was, however, to be made by
the individual countries.
At this point in the development of teacher education, there
were two organizations operating in the country, patterned and
organized in line with the developments in Britain. The organiza-
tions were the Western Teacher Training Organization and Eastern
Teacher Training Organization with their headquarters in Kisumu and
Nairobi, respectively. Following a conference in Mombasa, the Kenya
Government examined the role that the Royal College, which later
became the University College of Nairobi of the University of East
Africa, could be involved in teacher education in the country. It
was decided that the above two organizations should be merged into
one organizaton to be known as the Kenya Institute of Education.
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The process of merging and creating the new institute was completed
by 1964 (Oluoch, 1977: 33).
In a further effort to rationalize curriculum development and
teacher education, it was decided that the Kenya Institute of Education
and the Curriculum Development and Research Center should be merged
into an enlarged Kenya Institute of Education through an Act of
Parliament to take the
responsibility for coordination of institutions devoted to the
training of teachers, the conduct of examinations to enable
persons to become qualified teachers, the conduct and promotion
of educational research, the preparation of educational
materials and other matters connected with the training of
teachers and the development of education and training
(Kenya Government, 1970: 105).
The Ministry of Education through its various institutions
continues to search for effective administration, development and
implementation of curriculum. This is done through coordination of
activities in curriculum development, inspection and supervision and
examination. In addition to the provision of better and more modern
media transmission and reception facilities to cover the whole
country, the expansion of functions to cover teacher education and
non-formal education, the Ministry of Education also decided that
the activities carried out by the former Schools' Broadcasting
Section should be closely coordinated with the curriculum development
activities of the Kenya Institute of Education. Consequently, the
Section was brought under the Director of the Kenya Institute of
Education. The curriculum developers and media specialists are
expected and encouraged to work jointly in the production of curricula
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programs rather than working in isolation as was the case in the
past
.
The functions of the Institute are:
1. Conducting and preparing syllabuses for preschool
education, primary school education, secondary school
education, non-University teacher education, special
education and postschool technical/business education.
2. Conducting research and preparing teaching and evaluation of
materials to support the syllabuses developed by the Institute.
3. Conducting in-service courses and workshops for the teachers
who are involved in experiments and trials of the new
syllabuses and teaching materials.
4. Organizing seminars on new syllabuses and teaching materials
for inspectors of schools and teachers' college staff.
5. Organizing orientation programmes for these administrative
officers, provincial, district education officers and
field inspectors who have to be kept informed of the
developments that are taking place in school and college
curricula
.
6. Staff involvement in the various educational activities (ex-
aminations, school visits) organized from time to time by the
Ministry of Education (Kenya Government, 1976: 3).
The evolution of curriculum development in Kenya is a story
of the establishment and mergers of centers, sections, and institutes
of education in search of a viable institution ot initiate, develop,
and provide for future direction in curriculum development. Figure
6 summarizes the origin, development and growth of the Kenya Institute
of Education that characterizes the history of curriculum development
in Kenya.
In addition to the physical and quantitative growth of the
Institute, there has been a continuous internal examination,
reexamination in search of a guiding conceptual framework and
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theoretical basis for curriculum development to meet the national
demands
.
The Ministry of Higher Education assumed the responsibility for
administration and development of all postprimary education last
year when the government decided to split the former Ministry of
Education into Ministry of Basic Education and Ministry of Higher
Education. The administration of the Ministry of Higher Education
is divided into three districts but related areas. These are (1)
the head office; (2) the field office; and (3) the institutions.
The Head Office. The Minister for Higher Education is the head of
the Ministry of Higher Education. He is responsible for overall
policy. He is assisted by two Assistant Ministers and the Permanent
Secretary, who is responsible for day-to-day running of the Ministry.
The Ministry is divided into broad divisions, one dealing with
the general administration and the other dealing with curriculum
support services. These divisions are further subdivided into
sections as follows.
Administration Division
.
1. Secondary School Management Section
2. Technical Education Section
3. Higher Education Section
4. Finance and Establishment Section
5. International Programs Section
6. Planning and Development Section
7. Secondary Teacher Education Section.
Curriculum Support Services Section
.
1. Inspectorate Section
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2. Examinations.
The Inspectorate Section of the Ministry is responsible for
the implementation of curriculum, the maintenance of standards in
schools and non-university teacher training colleges in the country
through inspection visits, organizing inservice courses, advising
schools on developments in education. It also participates in the
professional aspects of public examinations administered in the
country.
Closely associated with the head office are three bodies.
These are: the Teachers Service Commission, the Kenya Institute of
Education and the Jomo Kenyatta Foundation.
T^e Teachers Service Commission (TSC)
. The function of the Teachers
Service Commission is to recruit, employ and employ teachers, on
behalf of the government, to teach in government and government-
assisted schools and colleges for the Ministries of Higher Education
and Basic Education. The chairman of the Commission and the com-
missioners are appointed by the Minister of Basic Education. The
secretary to the commission and the administrative head of the
commission is appointed by the Minister of Basic Education in con-
sultation with the chairman.
The Kenya Institute of Education (KIE) . The Kenya Institute of
Education is a section of the Curriculum Support Services Division
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of the Ministry of Basic Education but serves the Ministry of
Higher Education as well. Its major functions are curriculum devel-
opment and coordination of non-university teacher education.
According to the standing schedule of functions, once the
development of the curriculum is completed by the Institute, the
Inspectorate is responsible for the implementation of the new cur-
ricula in schools.
The Jomo Kenyatta Foundation (JKF)
. The Jomo Kenyatta Foundation is
a semi-government, autonomous non-profit organization whose function
is to publish, promote and sell curriculum materials developed by
the Kenya Institute of Education. It also operates a scholarship
fund with some of the revenue generated from the sale of the educa-
tional materials.
The field . The Head Office is supported by field staff at the
provincial and district levels. There is a Provincial Education
Officer (PEO) in each of the seven provinces and a District Education
Officer (DEO) at each of the forty-one districts in the country.
The field officers deal mainly with administration and maintenance-
type discipline in schools with very little emphasis on implementation
of curricula and improvement of the standard of teaching in schools.
The institutions. The institutions are the beneficiaries of the
facilities and programs developed and provided by the Ministry of
Higher Education. These include the secondary schools, teachers
colleges and the university.
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Each of the government secondary schools, the polytechnics and
the teachers colleges have an advisory board of governors appointed
by the Minister for Higher Education on the recommendation of the
community. A headteacher or principal is the head of a school or
college, respectively. The Harambee and private schools have managers
who must be approved by the Minister for Higher Education and head-
masters appointed by the managers.
The University of Nairobi and Kenyatta University College are
governed by a Council appointed by the President of the country who
is also the chancellor of the university. The Senate of the university
is responsible for academic standards of the institution. The
vice-chancellor is the academic and administrative head of the
university whereas the chancellor is the ceremonial head.
Other associated centers and organizations
. There are several
centers, institutions and organizations that are run by other
ministries that have close association with the Ministry of Higher
Education, especially in the development and implementation of
curriculum. These include the Ministry of Health, Ministry of Labor
and the Kenya Science Teachers Association.
East African Examinations Council . The East African Examinations
Council is a regional intergovernment organization set up by the
governments of Kenya and Uganda in 1963 to administer examinations
and revise syllabuses. The council was dissolved by the member
governments in 1980 and replaced by the National Council. In Kenya,
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its activities were taken over by the Kenya National Examinations
Council in 1980
.
Curriculum panels
. The Ministries of Education through the Kenya
Institute of Education has established curriculum panels at different
levels to guide and keep under constant review curriculum and curric-
ulum development in different levels of education and subjects.
These panels operate at two levels. These are the course panels and
subject panels.
The main function of the course panels is to examine broad
educational areas or phases as whole units. This is considered as
important as the task of examining the content of different sub-
jects .
The main function of the subject panels is to initiate and
guide curriculum development projects in the relevant subjects, keep
under constant review existing syllabuses and the need for new ones;
review all the examinations conducted in the country in different
subjects or curriculum areas and make recommendations to the appro-
priate sections in the Ministry of Higher Education; and review and
recommend books and instructional material for use in schools.
The members of the panels are appointed from educators from
the Ministry of Higher Education, other government ministries, the
university, teachers colleges, secondary school teachers, industry
and professional organizations. To ensure minimum duplication of
efforts, maximum utilization of available personnel and to ensure
that programs complement each other, some members are appointed to
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serve in more than one panel. Full-time members of the Kenya Institute
of Education and the Inspectorate are all ex-officio members of the
panels. All the panels are chaired by the subject inspectors, while
the curriculum specialists from the Institute are the secretaries to
the panels (Kenya Government, 1976:3-4). Thus the curriculum special-
ists and the inspectors work collaboratively in designing, develop-
ment and implementation of curriculum programs but within the the
administrative mandates of the institutions. This implies that the
curriculum developers take the administrative responsibility for
curriculum development, while the inspectors take the administrative
responsibility of curriculum implementation and maintaining standards.
The curriculum developers and the inspectors participate in the
professional aspects of the administration of public examinations
conducted by the National Examination Council.
Origin and Development of Secondary School Science
Curricula Programs
The origin and development of science education in Kenya can
be divided into two distinct periods. These are:
1. Pre-independence science education programs
2. Post-independence science education programs. This section
will examine and analyze the origins and developments of secondary
school science curricula programs in these periods.
Pre- independence science education programs . The pre-independence
period is characterized by an almost total lack of government
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involvement in what was taught in the schools for the Africans. The
determination of what was taught at the primary school level was left
entirely in the hands of the missionaries. Curriculum at the secondary
level was basically controlled by the various syllabuses from the
different British overseas examination boards.
Toward the end of the colonial era, there was a growing concern
by the Ministry of Education over what was taught in the schools.
This concern was the result of rising demands by African politicians
and because of the realization of the need to rationalize education
developments. One consequence of this concern was the establishment
of the Nairobi Science Teaching Centre in 1961
. The function of the
Centre was to develop science teaching materials at the secondary
school level to supplement the imported textbooks that were being
used by schools in preparation for the syllabuses in chemistry,
physics, biology and physics-with-chemistry
. The Centre was also
expected to develop materials for the teaching of science in primary
schools
.
Although not much happened at this time to systematize curriculum
development beyond initial attempts at textbook writing, the Centre
paved the way for further concrete efforts to restructure the national
educational system and science curriculum.
Secondary school syllabuses from overseas examination boards
had been relatively stable for a long time. Usually, new syllabuses
entered the curriculum from time to time as a result of the demands
of examination boards syllabuses. Textbooks which came into being
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m response to the requirements of the examination syllabuses found
a permanent status in the school curriculum.
The task of deciding what was to be taught and learned at the
primary school level was left entirely in the hands of the missionaries
and school sponsors. However, the government set national examinations
at various points in the primary school cycle. This was the only
official indication of what the schools were expected to teach.
Science at the primary school level was offered as hygiene,
agriculture or rural science, nature study and general science.
Science education at the secondary school level, on the other hand,
was controlled by the overseas examination boards, principally the
Cambridge Examination Syndicate and the University of London Examina-
tion Board. The boards set the examination syllabuses and these had
to be followed by all the secondary schools in the country. Thus,
secondary education was in essence a preparation for passing the
relevant British examinations. Consequently, secondary school
teachers had to use books almost exclusively written and published
in Britain to meet the requirements of the examinations. The schools
had to cover the syllabuses as prescribed by the examination boards
without any further help since there was no curriculum developed as
we know it today. Furthermore, there were no stated aims or objectives
of these syllabuses. Knowledge of the content was considered the
important thing in secondary science courses.
Post-independence science education programs . At the secondary
school level, the first concerted efforts in science education
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curriculum development was made over a four-year period between 1964
and 1968 by teachers and curriculum developers at the Curriculum
Development and Research Centre (CDRC). This group developed schemes
of work, teachers handbooks and students manuals in biology, chemistry
and physical science (CDRC, 1969) to support the then existing
Cambridge Examination Board series of science syllabuses. Unfortunate-
ly, these science syllabuses were phased out by the examinations board
before the materials were published and made available to schools.
Much of the earlier work of the Curriculum Development and
Research Centre and subsequently the Institute of Education was
aimed toward supporting existing syllabuses rather than promoting
fundamental changes in the organization and the content of curriculum.
This often meant "patching up" the curriculum through insertion or
removal of materials here and there while leaving the body of the
syllabuses intact in order to meet the demands of the overseas
examination boards
. This was then followed by attempts to bring
about more fundamental changes in school curriculum.
Two approaches emerged in an attempt to bring about fundamental
changes in post-independence science curriculum. These were (1)
continued revision of the examination syllabuses by the various
examination bodies and (2) the development of curriculum courses in
various science subjects.
The Examinations Council took over the former functions of the
Cambridge Overseas Examinations Syndicate and has continued to
revise science syllabuses in physics, chemistry, biology, physical
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science and general science as requested by the Ministries of Education
in Kenya and Uganda. The decision on the revisions are conveyed to
schools in the form of annual syllabuses and regulations.
Prior to 1968 a number of expatriate teachers, particularly
from Britain, had embarked on teaching chemistry, physics and biology
in some schools in Kenya, Uganda and Tanzania, using the materials
developed for British schools in the Nuffield Science Project. Soon
many of the teachers realized these materials were not suitable for
issue m Kenya schools as developed for the British five-year education
system. It was decided that there was a need to develop science
courses that were suitable to the environment and needs of East
Africa. A regional conference on science education in East Africa
was convened in March 1968 to establish a suitable basis for the
development of a regional science teaching project for the three
East African countries of Kenya, Uganda and Tanzania as partners.
Delegates to the conference were representatives from the Ministries
of Education from Kenya, Uganda and Tanzania, University of East
Africa, secondary school teachers, and observers from the British
Council, UNESCO, the Centre for Curriculum Renewal and Educational
Development Overseas (CREDO), Malawi and Western Nigeria (Meyer,
1971: 55). The conference and the proposed regional project were all
organized because of the conviction that a regional team approach to
science development through adaptation of the Nuffield courses would
be the best way to put into effect the available indigenous and
foreign resources and manpower. Tarimu alluded to the need for
cooperation in his report to the British council when he said:
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Let us exchange views and learn to cooperate fully in curriculumdevelopment and production of materials, at least at the
already^and^h
013 T°° mUCh ° f °Ur WOrk is duplicated
(Tarii; !%7 ?7).
1S
“ Y learn £r0m eaCh
In the conference it was agreed that:
a. there was a need for collaboration between teachers
university staff and administrators in the production of
an integrated range of science materials for secondary
schools in East Africa.
b. the course to be developed should be relevant to the needs
of East Africa and probably be suitable for adoption or
adaption by other African countries.
c. a suitable examination should be made available as a part
of course development.
d. a project known as School Science Project (SSP) with
suitable sub-titles for the individual science subjects
should be launched. 4
The development of the SSP programs in chemistry, physics,
biology and physics-with-chemistry began immediately and spread over
a period of five years, initially as a regional program until Tanzania
pulled out of the regional program and the East Africa Examinations
Council. Tanzania embarked on a program to develop and run its own
national programs in line with the prescription of Arusha Declaration
and the policy enacted by Education for Self-Reliance in 1971 (Nyerere
1966).
One of the significant outcomes of the Nairobi Conference was
the formation of three international panels comprising some members
from the national subject panels. The members of the international
4The Regional Conference on the Development of Nuffield for
East Africa held in Nairobi in March 1968 outlined the objectives of
the School Science Project for East Africa.
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panels used to meet periodically to draw out or revise the basis
structure of the program, to discuss the sequencing of topics and to
suggest, whenever necessary, the teaching time required to cover the
various topics in the course. The writing of specific course materials
including specifying course details for teachers and pupils' guides
and manuals, respectively, was assigned to national subject panels.
Tasks for the development of the materials in the different subjects
were assigned to different countries as shown in Table 3.
TABLE 3
DISTRIBUTION OF RESPONSIBILITY FOR TEXTBOOK PRODUCTION
Year
Subject 1 2 3 4
Chemistry
pupils Tanzania Uganda Kenya All
teachers Uganda Uganda Uganda Uganda/
Tanzania
Background
Readers Uganda Uganda Tanzania Tanzania
Physics Kenya Kenya Kenya All
Biology Tanzania Tanzania Uganda Kenya
Source: G. R. Meyers, Report to UNESCO on Three Months as
Consultant to the Biology Panel of the Tanzania Institute,
University of Par es Salaam on Aspects of Testing and
Evaluation SSP Biology. April to July 1970 (Paris:
UNESCO, 1970: 29-36.
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Upon completion of the draft materials, the national panels
were supposed to distribute the drafts to the international panels
for comments, discussion and necessary revision. Once the panels
responsbile for various topics had completed their writing they were
expected to have the work printed and distributed in sufficient
quantities for trial schools in all the countries.
The financing of the development of the project was shared
between CREDO and ministries of education. Funds from CREDO were
granted to cover:
a. Production and purchase of books for trial schools
b. Travel expenses for visits between writers
c. Expenses of conferences and courses for teachers in trial
schools
d. Secretarial help for writers
e. Salary for coordinators (Meyer, 1970: 28).
There was considerable capital outlay by the ministries of
education in the three participating countries.
In Kenya at the time of the development of the SSP projects
there were twenty-five schools participating in the trials. However,
as a result of divergent political development in the region, each
country decided to go it alone when it was clear that a regional
program was impractical. However, Kenya and Uganda agreed to continue
the exchange of SSP material during and after the completion of the
project.
On completion, the SSP courses were made available to schools
alongside other science syllabuses. However, schools wishing to
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enter candidates for SSP examinations were required to obtain written
permission from the Ministry of Education unless they participated
in the trials. The examination was not available to private candidates
because of its practical demands (EAEC, 1980: 138). The development
of the Secondary School Science Project in Kenya is described in
detail in Chapter 4.
Besides the development and piloting of the school science
program (SSP) courses as a regional project, and its adoption by
schools, the "traditional" syllabuses in physics, chemistry, biology,
physical science and general science have also been revised several
times by the Examinations Council on request of the governments of
Kenya and Uganda in an attempt to "modernize" both in terms of
content and suggested teaching methodology. These syllabuses and
the SSP courses are all available for schools to choose from in
designing institutional curricula. Figure 7 gives a summary of the
syllabuses and courses that have been developed over the last twenty
years in Kenya.
Summary
This chapter has traced the background to science curriculum
innovations in the past twenty years with the contemporary inter-
national, pan-African and national contexts. It also examines the
emergence of national curriculum development in Kenya. The origin
and development of secondary science curricula programs is traced.
The next chapter examines the implementation of secondary school
science curricula programs in Kenya.
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CHAPTER I V
IMPLEMENTATION OF SECONDARY SCHOOL SCIENCE PROGRAMS IN KENYA
Introduction
The major purpose of the previous chapter was to establish the
background to science developments in Kenya by tracing the origin
and evolution of curriculum development movement. This chapter will
examine the policy and organization to assist in the implementation
of secondary school science programs. The chapter will also examine
the implementation of prescribed curriculum programs in schools.
Policy and Organization for Secondary School Science
Curriculum Implementation
The Ministry of Education defines the term "curriculum" rather
broadly to mean "all the subjects taught and all the activities
provided at any school, and may include time devoted to each subject
and activity" (Kenya Government, 1970: 2). On the basis of this
definition, the Ministry of Education outlines the policy for organ-
izing curriculum in school. However, it is the Board of Governors,
the headteachers, and staff of a school who decide the institutional
curriculum from the approved list. Once decisions have been made on
the subjects to be offered, the subject teachers in consultation
with the headteachers make decisions regularly as to what courses or
syllabuses within a subject area will be adopted by the school. The
students choose the subjects they want to take, especially in senior
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secondary school (Forms III and IV). Some specialization is allowed
at this level.
In recent years sweeping changes have occurred in the teaching
of science subjects at the secondary school level. The older "subject-
centered" syllabuses have gradually given way to the more modern
"child-centered" ones (Ministry of Education, 1973: 66). Efforts
are being made to make science interesting and challenging to the
boys and girls in secondary schools. The policy of the Ministry of
Higher Education is to offer:
a non-specialized education in Forms I to IV by providing a
curriculum based as far as possible on a wide range of
suitable subjects. However, certain elements of special-
ization may be introduced in the four-year course, for
instance in the manner in which science is taught (Ministry
of Education, 1970: 1).
To ensure that schools offer a balanced curriculum, the Ministry of
Education determines the subjects that must be offered for the
National Certificate of Education examinations. 1 To assist the
schools in formulating school curriculum, subjects are grouped into
eight areas. The subjects are:
Group I. English Language
Group II. Humanities
Group III. Languages
Group IV. Mathematical Subjects
xThe East African Examinations Council EACE examination was
taken for the last time in 1979, since the council was dissolved by
the governments of Uganda and Kenya. The Kenya National Examinations
Council will take over all the activities formerly carried out by
the East African Examinations Council in 1980.
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Group V.
Group VI.
Group VII.
Group VIII.
Science Subjects
Cultural Subjects
Technical Subjects
Business Studies
(EAEC, 1980: v-viii).
Groups I, II, IV and V are compulsory. However, the organisa-
tion of the curriculum in any particular school will depend upon the
availability of staff, teaching facilities, and the needs of the
students. The schools are advised to establish a curriculum program
which may vary slightly between the Junior Forms (Forms I and II)
and the Senior Forms (Forms III and IV) but within a basic pattern.
It is considered that for a school to offer an all-around non-
specialized education, it should include the following subjects in
its curricula: mathematics, science, humanities, English, Kiswahili/
another language, religious education, physical education and a
practical subject. The curricula for Forms V and VI is based on
specialization in either Arts or Science subjects (Ministry of
Education, 1973: 7).
A normal school week consists of a minimum of forty periods
and a maximum of forty-two periods. Tables 4 and 5 show samples of
school timetables based on recommended allocations.
In the organization of science curricula, schools are expected
to plan a comprehensive four-year science course. A general intro-
ductory science course is offered in the junior classes of Forms I
and II. The students are then expected to proceed on to take at least
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TABLE 4
A SAMPLE WEEKLY SCHOOL TIMETABLE (FORMS I AND II)
Subject Number of Periods
English
8
Kiwswahili
4
Mathematics
7
History
3
Geography
3
Physical Science 6
Biology
3
Physical Education 2
Practical Subjects 6
42
Source: Ministry of Education, Organization of Secondary School
Curriculum
,
circular letter No. INS/C/1/2/139
,
December 1979, p. 22.
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TABLE 5
A SAMPLE WEEKLY SCHOOL TIMETABLE (FORMS III AND IV)
Schools Offering Only
Physical Science
Schools Offering
Separate Subjects
Subject
No
. of
Periods Subject
No
. of
Periods
English 8 English 8
Mathematics 7 Mathematics 7
Physical Science 6 Physics 4
Biology 4 Chemistry 4
Geography 3 Biology 4
History 3 Geography 3
Art/Music 4 Ki swahili/French 5
Ki swahili/French 5
Art/Music 4
Physical Education 1
40 40
Source: Ministry of Education, Organization of Secondary School
Curriculum
,
circular letter No. INS/C/ 1/2/ 139
,
December
1973, p. 22.
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physical science and biology in Forms III and IV. Schools with
adequate facilities and teachers may offer physics, chemistry and
biology as separate subjects. Figure 8 summzarizes the factors
affecting science curricula development and implementation.
The schools are graded as A, B, C and D in a descending order.
The grading of schools depends on the organization of the curriculum
offered by the school, the qualification, number of teaching and
non- teaching staff and teaching facilities available in the schools.
Grade A schools do not require authority to offer and present candi-
dates for any science subjects. However, they have to inform the
Ministry of Higher Education of the subjects they are offering.
Grade B schools do not require permission to present candidates for
general science, but require permission to offer physical science,
physics, or chemistry. Grades C and D require authority to present
candidates for any science examination, including general science.
The authority is usually given by the Chief Inspector of Schools on
behalf of the Ministry of Higher Education.
The Kenya Institute of Education is responsible for the devel-
opment of the curriculum materials. The Inspectorate Section of the
Ministry of Higher Education is responsible for the implementation
of programs and for maintaining standards in schools and colleges.
The Inspectorate issues circulars regularly to schools to advise
them on various aspects of the implementation of curriculum in
different subjects at the institutional level. The Inspectorate
also visits schools for inspection purposes to ensure the schools
National
Examinations
Council-Policy
93
Factors
influencing
science
curricula
deve
lojmient
and
implementation
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are being administered properly. Subject inspectors are also supposed
to organize inservice courses for teachers in specific aspects of
science teaching. However, they may involve curriculum developers
in organizing and conducting the courses.
Currently, there are eleven science syllabuses available to
schools. This means that there are at least two syllabuses in each
of the five-subject clusters: physics, chemistry, biology, physical
science, and general science. A syllabus in human biology is only
available to non-government schools. These syllabuses are taken by
varying numbers of students. Table 6 gives a summary of the number
of students taking in the different science syllabuses in the East
African Certificate of Education Examination between 1970-1978.
Science Curriculum Implementation in Practice
The description of science education gave an overview of the
major science curriculum projects and syllabuses presently available
to the schools. The implementation of courses in schools entails
more than making decisions on what should be offered, taught or
learned in schools. There is a need, in the implementation of
science programs at the institutional and instructional levels, for
a basic understanding of the objectives and content of the courses,
provision and use of instructional materials and facilities. There
is also a need to set up an appropriate evaluation and assessment
system and to make provisions for personnel with appropriate qualifi-
cation and in sufficient numbers. A preliminary analysis of the
SCHOOL
CERTIFICATE
PHYSICAL
SCIENCES
CANDIDATES
1970-1978
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implementation of science courses and syllabuses will be made here
to highlight some of the underlying meanings and implications that
may be used in identifying possible trends in future science education
programs. The following aspects are examined: (a) the objectives
and content of the courses/syllabuses; (b) instructional materials
and facilities; (c) personnel; and (d) evaluation and examinations.
Objectives and course content
. There is a remarkable similarity in
origin between the African Primary Science Project, the Kenya Primary
Science and the School Science Project for East Africans. They were
all inspired by specific science developments in the United States
and Britain. When these programs were initiated, Kenya was eager to
introduce new programs in the national education system to replace
the programs inherited from the colonial examination boards which
were considered inappropriate for the newly independent nation.
This was the period of renewed pan-African nationalism. The initial
objectives for the new courses were not clearly stated, especially
at the secondary level. This was due to several reasons:
1. the strong influence of the "mother" projects in the
United States or Britain and hence the apparent lack of
the need to restate the objectives by the agents from
these projects
2. the pressure to get the program developed quickly to
satisfy very urgent needs in the country and
3. the apparent lack of the appreciation of the need to
have the goals and objectives clearly stated right
from the beginning by the national developers of the
programs
.
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For example, although the School Science Project was conceived as an
integrated program regional project developed jointly by Kenya,
Uganda and Tanzania, the goals and objectives of the different
subjects were not articulated at the beginning of the project. How-
ever, it soon became clear that it was necessary to articulate the
goals and objectives of the Project. Very detailed objectives
evolved in Tanzania; but in Kenya, the objectives were given in
rather general terms. In Uganda, where the seconded experts from
Britain worked on the Project up to the end of the trials, a state-
ment of the objectives for users was nonexistent. The detailed
objectives developed by Tanzania were later modified by Kenya to
suit national needs.
The course content in the SSP Project courses is arranged to
form a coherent whole. The content also consists of a large number
of experiments to develop scientific habits through experimentation.
For example, in physics the students are expected to be involved in
practical work for at least half of the lesson time. The details of
the objectives in the SSP Courses are given in the Course Outlines,
Teachers' Guides and Students' Manuals. The content of the traditional
courses is given in the examination syllabuses.
In the traditional syllabuses, physics, chemistry, biology and
physical science, there was no statement of objectives beyond a
statment that "an experimental approach is envisaged and is assumed
that candidates will spend adequate time on experimental work"
(EAEC, 1980: 110).
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Since the completion of the SSP trials in 1973, the Ministry
of Education has published a statement of secondary school science
objectives to guide in the development and implementation of science
programs
. These are given as:
to teach science in a way that gives them a clear
understanding of scientific principles and concepts;
to enable students to develop an attitude of inquiry
through investigations;
to stimulate an interest in science that will be of
lasting value to all the citizens;
to create an awareness of the national scientific and
technological potential and the need to search for
new ways of developing it;
to stimulate an interest in science so that it will
be of lasting value to all the citizens (Ministry of
Education, 2973: 66).
These guidelines have continued to guide curriculum developers,
teacher trainers and science teachers in program development and
institutional curriculum formulation. The guidelines have proved
extensively useful. However, it is probably time for their review
to incorporate recent experiences and developments in science educa-
tion.
Instructional materials and facilities
. Instructional materials are
an important part of any curriculum program. The organization of
materials and other learning facilities can facilitate or hinder the
implementation of the program. For instance, a carefully packaged
program is more likely to be used often and may also inspire the user
with the desire to explore other possibilities using the materials,
(i)
(ii)
( iii)
(iv)
(v)
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while a poorly packaged program may discourage even the most
enthusiastic teacher from using it.
As the piloting of the SSP Project courses progressed, it was
noted that in physics, the cost of apparatus increased considerably
and schools could no longer afford it. It became apparent that
there was a need for locally produced apparatus. In Kenya, special
attention was given to the production of secondary school science
apparatus. Several methods of apparatus production were explored.
These included the production of prototypes by the Kenya Institute
of Education and mass production of prototypes and eventual manufacture
of physics apparatus by the Engineering Department of the University
of Nairobi and more recently the design and mass production of
apparatus from the Science Equipment Production Unit (SEPU) at the
Kenya Science Teachers College.
Besides the production of book materials, the School Science
Project, in cooperation with the Science Equipment Production Unit,
developed kits in biology, chemistry and physics that have proved
extremely popular with schools all over the country. However, at
the moment, there is no adequate delivery system to get the kits to
the schools. There is a need to evolve a system that ensures the
delivery of equipment and materials to the schools. Whereas equipment
and materials for the primary schools are distributed centrally by
the Kenya School Equipment Scheme (KSES), there is no organized
distribution system for the secondary schools. Experience from bulk
purchase of chemicals and some of the popular apparatus by SEPU has
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clearly illustrated the savings that can be made through bulk purchase
and distribution to schools. The Ministry of Higher Education is
investigating the possibility of establishing a department to undertake
the purchase and distribution of the essential equipment to secondary
schools. The problems and the experiences gained in running the
KSES will be used in setting up the new department.
Personnel
. Often the implementation of a program is a much more
complex process than its development. Whereas the development of a
program is conducted at a single development center by a relatively
small group, the implementation often requires working with thousands
of schools, tens of thousands of teachers and millions of children.
Attempts were made to organize regular inservice courses once
every year for the School Science Project in Kenya. Unfortunately,
these were not very successful because the specialists sent by the
British Council had very little practical knowledge of the conditions
in the schools of East Africa. This may seem trivial because all
science may be said to be universal. This may be true in certain
circumstances, but unfortunately this was not the case for SSP
Courses. The environment and, above all, the facilities available
in the schools in Kenya were nowhere near what the British specialists
assumed to be the case from their experiences in Britain.
Incidents were known where the trainers would tell the teachers
in the inservice courses that they could not teach certain topics
without fairly expensive pieces of equipment, electricity or running
water. The schools did not have the equipment and were unlikely to
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get it in the near future but were expected to continue teaching
science to a satisfactory level. This reduced the effectiveness of
these courses considerably, since it was considered that these
topics could be taught and taught quite effectively using fairly
inexpensive equipment and materials. The use of external specialists
in the development and implementation of local program calls for
very careful consideration in the future.
New teachers were introduced to the different science courses
and syllabuses while in training at the University of Nairobi,
Kenyatta University College, the Kenya Science Teachers College and
Egerton College as preparation for the implementation of the courses.
These training programs have not only prepared teachers for possible
implementation of the new courses such as the SSP Courses but for
the entire science educations in the country.
For the traditional syllabuses, inservice courses were organized
by the Inspectorate Section in cooperation with the Kenya Institute
of Education of the Ministry of Education. However, because of the
large numbers of science syllabues, and the rather small number of
science inspectors and curriculum specialists, the courses have
tended to be ineffective in covering the science teachers. Consider-
ation was also given to the possibility of developing a corps of
teacher inservicing groups of subject-leaders in the various science
subjects to run inservice courses for teachers in the respective
districts. Unfortunately, this never took off except in two provinces
(the East Province and Western Province), where there were very
102
strong Science Study Groups. In these provinces it is quite clear
there were some very strong science teachers who organized their
colleagues into the study groups.
Evaluation
. Once a program is introduced into an education system
it requires continuous monitoring. This may be done to update or
supplement the existing curriculum materials for quality control to
ensure curriculum effectiveness beyond the trial stage or to facil-
itate the development of a new curriculum.
The School Science Project has never been evaluated as a
project, although different subject areas have had some kind of
evaluation. There is a strong feeling in the country that a com-
prehensive evaluation of all the science programs should be carried
out since the traditional syllabuses are never systematically evaluated.
They are revised on the basis of enlightened guesses by the Examina-
tions Council and officers from the Ministries of Education.
Assessment
. Over the years, examinations have become a very dominant
feature of the entire education system in Kenya. It may be said
that the system has become so examination-oriented that anything
that is considered not examinable at the end of any one particular
academic session is not worth learning. The situation is aggravated
by the fact that examinations are used exclusively for selection to
the succeeding levels of education. The examination is thus expected
to serve a dual purpose: as a measure of the level of performance
at the end of a prescribed course, and as a criteria for selection.
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This has led to the criticism of periodic tests of pupils’ academic
progress, and of certificates and diplomas for those who have success-
fully completed a prescribed cycle of education.
Whereas the above picture is likely to be true because of the
kind of examinations that have been used in the past, it is the
contention of the researcher that examinations are a powerful tool
that can be used to bring about desirable changes in the education
system. For example, during the development of the SSP Courses,
against very strong objections from the Cambridge Overseas Examinations
Syndicate, the curriculum developers through the respective Ministries
of Education in Kenya and Uganda requested joint Cambridge Overseas
Examinations Syndicate and the newly formed East African Examinations
Council to set a special examination for the students following the
new course (Meyer, 1970: 12). The examination had to emphasize the
objectives of the course. In this special examination, it was con-
sidered that since SSP Courses were practical courses, there was not a
need for a practical examination, as was the case in the traditional
courses. The rationale for this demand was that the understanding
of concepts and practical aspects of science can be tested in the
theory papers. The SSP examination papers were designed to test
other abilities besides simple recall of facts. These included
testing the comprehension of basic concepts, analysis and application
of the facts and concepts to novel situations and problem solving.
Detailed examination grids were prepared at the beginning of any ex-
amination and checked during the formulation of the final examination
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paper to ensure that no part of the syllabus had been overlooked or
overexamined in setting up the paper. Table 7 gives a sample grid
for a 40-item Part I Objective Type paper.
TABLE 7
SAMPLE EXAMINATION GRID
Abilities Weighting
Knowledge 4 1 3 5
Comprehension 1 0 6 7
Analysis and Evaluation 2 1 1 3
Application 0 2 1 3
Source: Ministry of Education, SSP Chemistry Outline
,
Jomo Kenyatta
Foundation, Nairobi, 1973, p. 39.
The SSP Chemistry team produced two books on examinations to
guide teachers and examiners. The types of examination used for the
SSP Courses has gained popularity in the other science syllabuses.
As will be seen in Chapter 5 of this study, these developments have
significantly influenced the teaching in these other science
syllabuses. For example, examination grades are prepared for all
science subjects now to ensure balance in weighting and full
coverage of the syllabues. Effort is made to test abilities other
than simple recall. In the past, examinations have tended to con-
centrate on simple recall of facts, which often led to rote learning.
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Finally, in addition to the examinations being used in the
terminal assessment of the students' performance at the end of a
course, they can and should be used as diagnostic tools by the
teacher to find out how well the students are mastering the subject
matter, where they are having difficulties, the nature of the diffi-
culties and therefore what needs to be done. Thus, assessment which
includes testing and the terminal examinations should assume a much
more important role than in the past in the improvement of science
teaching at all levels.
Summary
The development and implementation of secondary science curric-
ulum in Kenya is a highly centralized and complex process involving
national policy making, educational policy and plans, development of
curricula programs, the adaption of the programs in schools making
instructional plans, carrying out of the instructions by the teachers
at the classroom level and finally, learning by the students through
the instructional process.
The curriculum development and implementation process involves
three distinct but overlapping phases: policy making phase; develop-
ment phase; and implmentation phase. The clarity of planning for
the transition from one phase to the other plays a significant role
in determining the extent to which the programs eventually get
implemented. The Ministries of Education in Kenya have continued
to
search, articulate, institute or establish policies and
organizations
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to facilitate an effective implementation of the educational programs
at all levels.
Different decision-making points may be identified in the
education system. These include policy making at the Ministry of
Education head office to classroom instruction by the individual
teacher. The making of these decisions is often affected by factors
that may be internal or external to the curriculum development
process. Some of these factors have been discussed in this chapter
and others will be examined in Chapter 5.
CHAPTER V
FROM CURRICULA PROGRAMS TO CLASSROOM PRACTICE
Introduction
The previous chapters examined the issues relating to science
curriculum development and implementation. Particular attention was
given to the origin, development and implementation of secondary school
science programs in Kenya. This chapter investigates the factors which
influenced the implementation of science curricula programs in Kenya.
The chapter begins with a discussion of the methodology and
procedures for data collection. The data and information from schools
and educational personnel are then analyzed to provide clues to the
factors that facilitate or hinder the adoption and implementation of
secondary school science curricula programs.
The following research questions were used to guide in data
collection and analysis:
How are the prescribed secondary school science
curricula programs being implemented?
What are the factors affecting the implementation of
secondary school science curricula programs?
What is the relative influence of these factors
in the implementation of programs?
A discussion and synthesis of these factors conclude the
chapter
.
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Methodology
The study was originally designed to investigate implemen-
tation of science curricula programs in ten randomly selected
secondary schools. However, after an extensive literature review
and interviews with educational personnel in the ministries of
education on the implementation of secondary science curricula
programs in Kenya, the following key issues emerged:
1. Given the large number of science syllabuses available to
schools, 1 and the wide range of secondary schools in the
country, 2 a sample of ten schools was perhaps too small,
regardless of how demographically different they may be.
2. A study of the implementation of all the science curricula
programs on all levels of secondary school education would
be a major undertaking.
On the basis of these preliminary findings the field study was
modified to:
1. Increase the number of schools to be investigated.
2. Concentrate on the implementation of science curricula pro-
grams in the physical sciences (physics, chemistry and
physical science) at the East African Certificate of
Currently there are eleven science syllabuses and among
those, seven are in the physical sciences which are offered to
schools
.
2The school categories include boys, girls, mixed boys/girls,
rural/urban, big and small schools.
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Education (EACE) level with reference made to the other
programs, e.g., in biology and general science only where
appropriate
.
Soon after the preliminary study was completed, this researcher
was requested to undertake a survey of science teaching in the country
by the Kenya Institute of Education. The purpose of the survey was to
provide statistical information that would serve as the basis for future
revisions of science syllabuses, as required by the current Five-Year
Development Plan ( 1979-1983)
.
3 A representative sample of 170
government secondary schools was randomly selected from a total of
450 government secondary schools (1978). No Harambee (Community)
or private schools were used in the study because, as stated on
page 13, most of these schools lack even the most basic science
teaching facilities, have only Forms I and II, and more
important, general science is the only science-related syllabus
that they are permitted to offer. The schools represented boys/girls
or co-educational schools, boarding/day schools, and rural/urban
schools, and offered different science syllabus combinations.
In addition to the collection of statistical data required by
the Institute, it was decided that the study on the implementation of
science courses and syllabuses in the physical sciences (physics,
chemistry and physical science) could be carried out by the researcher.
This provided an opportunity to collect information on science
3The current Five-Year Development Plan (1979-1983) emphasizes
the need for qualitative improvement of science and mathematics
education through production of instructional materials and curricula.
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programs on a much larger sample than had been originally planned.
A detailed questionnaire was developed by the researcher and
discussed with the curriculum developers in the physical sciences at
the Kenya Institute of Education. A similar questionnaire was
developed for the biological sciences. The questionnaires were
further discussed with the Director of the Institute to ensure that
it met the requirements of the survey. After the discussion the
questionnaires was modified and then pretested in five secondary
schools around Nairobi by the researcher and curriculum developers
in physics and chemistry at the Institute. Minor revisions were
then made on the questionnaire.
The questionnaire (Appendix A) consisted of two parts. Part I
was directed to the headteachers and was concerned with institutional
statistical information on student population, staffing, finance and
sources of information on science education. Part II was a teacher
questionnaire designed to investigate science teaching facilities
and the learning environment.
From a sample of 170 secondary schools, 134 schools in categories
A-C, as classified by the Ministry of Education, returned the completed
questionnaire. 4 Of the 134 schools 91 offered physical science
syllabuses distributed as shown in Table 8. The data from this
4The Ministry of Education grades all secondary schools on a
four-part scale A, B, C and D. The grades are based on the curriculum
offered by a school, teaching and non-teaching staff, teaching facil-
ities, organization and equipment available in a school. Grade A is
given to the best schools while Grade D is given to registered but
ungraded schools.
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TABLE 8
DISTRIBUTION OF SAMPLE SCHOOLS BY SYLLABUS OFFERINGS
Syllabuses
Number of Schools
(N=91)
Physics
17
SSP physics
15
Chemistry
17
SSP chemistry
15
Physical science only* 68
Physics and physical science
18
Chemistry and physical science 20
SSP physics, SSP chemistry and physical science 17
Most schools offering physics and chemistry as separate subjects
also offer physical science.
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sample of 91 demographically different schools was used in the present
study. The distribution of schools by size is given in Table 9.
TABLE 9
DISTRIBUTION OF SAMPLE SCHOOLS BY SIZE
(N = 91)
Number of students
Number of streams
Number of schools
160 320 480
1 2 3
14 32 39
640 Over 700
4 5
5 1
In addition to the data from the questionnaires, a sample of
ten schools (Appendix B) was selected from the schools offering
physical science for an indepth study to cross-check information
obtained from the questionnaire and to gather additional information
relating to the implementation of science programs in schools.
Interviews were held with the headteachers, heads of science
departments and specific science subject teachers from the 10 schools
offering courses in the physical sciences. The interviews
concentrated on: institutional policy, school organization,
administration and decision making in the implementation of science
curricula programs; instructional programs, and the science
teaching resources.
A checklist was used to guide in the interviews (Appendix C).
However, discussions were allowed to wander whenever appropriate to
probe interesting and peculiar practices in science teaching.
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Observation of the science teaching facilities were made in the schools
to assess the adequacy and utilization of the facilities. In all,
thirty-four education officers, science educators, inspectors,
administrators, headteachers, and physical science teachers were
interviewed (Appendix D)
.
Presentation and Analysis of Data
An analysis of student performance in the physical sciences
syllabuses used in the 1977 East African Certificate of Education
examination was carried out in order to determine whether there was
any relationship between topics perceived as difficult by teachers
and student performance.
The following factors were identified and used in the analysis
as the major categories that affected the implementation of science
curricula programs:
Policy and administration for curriculum implementation
Organization and administration of science programs
Adoption and implementation of science curricula programs
Science teaching resources
Instructional programs
Policy and Administration for Curriculum Implementation
The process of curriculum implementation involves decision-
making at the policy, planning, development, institutional and
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instructional levels. A large body of literature 5 exists in Kenya
stipulating what should be done in curricula™ development and imple-
mentation at the institutional level.
In Kenya, there was a clear delineation of responsibilities
between curriculum development and implementation. The curriculum
specialists (developers and implementers) tend to approach the
problem of curriculum engineering through curriculum design, develop-
ment and implementation from a national systems point of view (Zais,
1976: 445). To do this, they often sought solutions to curricular
problems on the basis of analysis and reasoning within the educational
system. Rarely was curriculum development and implementation viewed
as an aspect of the broad national policy making process.
Although the role of politics in educational development is
acknowledged, curriculum development was rarely placed in the context
of political policy making. Recent developments in Kenya, such as
the accelerated development and implementation of primary mathematics
m 1970 indicated that the rhetorical view of curriculum development
was tempered by political realities. In many ways, curriculum
development was not merely influencedby politics but it might have
been a political process involving policy making at different
levels
.
5The Legal Orders such as the Education Act (1970), the Board
of Governors Order (1970), the Kenya Institute of Education Order
(1976), and The Curriculum Guide for Secondary Schools and Circulars
from the Ministry of Education outlines the policy on curriculum
development and implementation.
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Four sub-categories that influence the determination of secondary
school curriculum policy and administration for implementation were
identified. These were: (1) personnel and institutions charged with
the responsibility to establish minimum curricula standards, (2)
extra-curricular alternatives provided or made available to schools,
(3) the legislative and policy-making central government organization
and institutions, and (4) the educational institutions where the
curriculum was implemented.
Personnel and institutions responsible for establishing minimum
£urricula standards. At the secondary school level, there were at
least three groups that sought to exert pressure to maintain minimum
curriculum standards. One was the Ministry of Higher Education which
controls curriculum through directed curriculum development, inspection
and field administration. Inspection and administration were carried
out through visits and periodic circulars to schools.
The second was the East African Examinations Council which
played a key role in the implementation of programs by indicating to
the schools either explicitly or implicitly what content was considered
important in the school science curricula.
Finally, professional associations such as the Kenya Secondary
School Heads Association, the Principals Association and the Kenya
Science Teachers Association continued to be effective professional
pressure groups in the determination of curriculum policy at the
development level.
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Curricula alternatives
. In adddition to the policies, regulations
and science curricula materials made by the Ministry of Higher
Education, there were many extra-curricula alternatives presented to
schools. Usually these extra-curricula alternatives were developed
and promoted by sources external to the Ministries of Education.
These include textbook publishers and scientific equipment manu-
facturers and suppliers.
While the publishers may not themselves directly control the
content of the curriculum, the content of the books they publish and
promote influence science teaching and learning considerably. This
was especially true where only examination syllabuses were available
There was an increasing volume of textual and non-textual
materials from industry. These include science kits, instructional
manuals, charts and promotional literature that were made readily
available to schools. As will be seen later in this chapter, head-
teachers use literature from equipment manufacturers and publishers
as a source of information in the implementation of science programs
Central government organizations and institutions
. The central
government exerts considerable influence on the Ministry of Higher
Education and therefore curricula policies through national develop-
ment plans and fiscal planning policies.
In addition to direct control from central government, there
was continued pressure from politicians and legislators for curric-
ulum changes to meet the changing national needs.
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The educational institutions
. The official policies, developed by a
Ministry of Education and its institutions are only effective in as
far as they bring the desired changes at the school and instructional
levels. The feedback from schools, on the implementation of curricula
programs, to the Ministry of Higher Education influences curriculum
policy-making through participation in curriculum panels.
At the institutional level, the headteachers are expected to
formulate a school curriculum policy and create an environment for
curriculum instructional designing and implementation by the teachers.
To accomplish these tasks, the headteachers and their staff must
have up-to-date information on the various aspects of curriculum
implementation. The information might be obatained from the Ministry
of Education circulars, visits to the Ministry of Education head-
quarters, consultation with members of staff in the school, consulting
other headteachers or information from publishers, manufacturers or
their respresentatives
. The sources of information to schools was
investigated in this study through the questionnaire to the head-
teachers. The headteachers were asked to indicate whether they use
different sources of information regularly, occasionally, rarely or
never. Table 10 summarizes the responses by the headteachers.
Eighty-one percent of the headteachers in the sample used the
circulars from the Ministry of Higher Education while eighty-six
percent used circulars from the field officers in the Provincial
Education Offices as their main source of information.
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TABLE 10
SOURCES OF INFORMATION AND GUIDANCE ON SCIENCE EDUCATION USED BY
SECONDARY SCHOOL HEADTEACHERS
(Number of Headteachers = 84)
Responses
1 2 3 4
Circulars from the Ministry 72 10 0 2
of Higher Education (86%) (12%) 0 (2%)
Circulars from the provincial 68 11 2 3
education offices (81%) (13%) (2%) (4%)
Circulars from curriculum 34 22 11 6
specialists (41%) (26%) (13%) (7%)
Science teachers 49 15 7 4
(58%) (18%) (8%) (5%)
Headteachers from other 9 25 23 8
schools (11%) (30%) (27%) (10%)
Information from publishers 14 30 15 4
and manufacturers (17%) (36%) (18%) (5%)
Science journals and 18 16 14 12
magazines (21%) (19%) (17%) (14%)
1. = Regularly
2. = Occasionally
3. = Rarely
4. = Never
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There is usually no official link between the schools and the
curriculum specialists, except when a school is participating in the
piloting or trials of a project. It was noted that about forty-one
percent of the schools use circulars from science curriculum special-
ists regularly. This was higher than would be normally expected.
One possible explanation is that schools continue to consult the
curriculum specialists even long after a project development is com-
pleted. During the interviews, headteachers and science teachers
indicated that they considered the Kenya Institute of Education as
a key institution in the process of curriculum change and therefore
a major source of information and guidance.
There were two other interesting findings. More than forty
percent of the teachers used information from publishers and manu-
facturers as a source of information either regularly or occasionally.
In addition headteachers depended very heavily on their science
teachers in formulating school science policy.
Finally, it was noted that there was very little consultation
between headteachers. It was considered that this should be investi-
gated further to find out how professional collaboration between
school headteachers could be built in schools to enhance curriculum
implementation.
Organization and Administration of Secondary School
Science Curricula Programs
The four-year secondary school course was organized into an
introductory two-year phase, from Form I to II, followed by a more
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rigorous two-year senior secondary phase, from Form III to Form IV.
At the end of the introductory phase, students were expected to make
a decision on the courses they wished to pursue in the senior secondary
phase. However, a school might wish to allow students to follow the
same courses from Form I to Form IV. Seventy-five percent of the
schools answering the questionnaire indicated that some form of
selection was done at the end of Form II. Selection occurred in
both large and small schools.
A large proportion of schools selected students for the various
science courses and syllabuses on the basis of overall student
performance in the introductory phase and students' interests.
In the government schools, the students were judged purely on
their overall performance during the introductory phase and an
internal end-of-year examination.
Some of the older and established schools gave students complete
freedom to choose the subjects they wished to follow in Forms III
and IV. On the whole, in all the schools the determinants of what
could be offered to students by a school were: (a) availability of
science teaching facilities, and (b) teachers.
In the physical sciences the trend was to offer separate
physics and chemistry to the most able students and physical science
to the less able students. General science was offered to all
students in schools where facilities were not adequate for teaching
physical science.
Only a small percentage of students opted for the separate
subject courses. A much larger proportion opted for physical science
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and a large majority of students entered for general science.
Biology was very popular in schools and the overall performance in
the examination was quite good. Table 11 summarizes the student
entries and performance in the 1978 East African Certificate of
Education examination. It will be observed from the data on perform-
ance on this table that candidates taking separate subjects in
physics, chemistry and biology is much better (seventy-five percent
or more) than those offering physical science where less than sixty-
seven percent obtained a pass or more in the examination. Performance
in general science is particularly appalling. Some of the causes of
poor performance and the implementation will be examined in subsequent
sections of this chapter.
The selection at the end of Form II or beginning of Form III
also marks the beginning of specialization into arts and sciences
for most students.
Some of the reasons given by the headteachers and subject
teachers as to the reasons for the low entries in the science
courses were:
"Some students find science subjects very difficult and cannot
cope with the demands of single subject syllabuses."
Not all the students have the ability for separate subjects
and as such we have retained physical science."
"The number of students who can take science is really deter-
mined by the available apparatus, the teachers and the periods
available .
"
Some of the factors highlighted in the questionnaire and in
the interviews are discussed in this chapter.
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TABLE 11
STUDENT ENTRIES AND PERFORMANCE IN 1978 EAST AFRICAN CERTIFICATE
OF EDUCATION EXAMINATION
(Total Entry = 61,243)
Number
of
Candidates
Percentage
of
Total Entry
Number of
Candidates
Passing
Chemistry 2,952 5 2194
(74%)
Physics 2,923 5 2111
(78%)
Physical science 15,987 26 10648
(67%)
SSP chemistry 1,648 3 1341
(82%)
SSP physics 1,740 3 1284
(74%)
SSP physics with chemistry 767 1 491
(65%)
General science 22,772 37 8252
(33%)
Biology 33,084 54 24695
(75%)
SSP biology 3,557 6 2604
(73%)
Source: East African Examinations Council. EACE Analysis 1978.
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Adoption and Implementat ion of Science Curricula Prnpram*
Curriculum adoption and implementation involve both professional
educators as well as non-educators. Indeed, as Pratt observed:
The process of curriculum (adoption and) implementation is oneof persuading people to make certain decisions. As such it isneither a curriculum process, nor an academic process, nor an
(Pra^!
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A critical point in the implementation of a science curriculum
program was the review and acceptance of the ideals embodied in a
program. This was considered before a decision to adopt the program
at the national, school or classroom levels could be made. This
constituted the initial commitment to implement a program.
Key factors in the process of the adoption of a curriculum
program at the institutional level were relevance and clarity of the
program objectives, clear decisions and guiding policy on the imple-
mentation of the programs in the school system. Lack of clarity and
indecision at different levels often left the teacher confused and
sometimes frustrated. Consequently, many programs that might be
professionally good never get to be implemented at the classroom
level because of lack of clarity of the objectives and merits of the
programs, such as was the case with SSP Courses.
The individual classroom teacher could and indeed did bring
about significant curriculum changes at the single classroom level.
From an examination of the implementation of science curriculum
programs in Kenya, it seemed that, however heroic or successful an
institutional or individual teacher's effort might be, it could not
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be sustained unless it was supported by the administrators and
policy makers.
The decisions on curriculum adoption and implementation in
Kenya orginated from two sources. These were decisions that came
from higher authority or office such as the Ministry of Higher
Education to the institution at the national level, or a headteacher
to subject teachers at the institutional level. The second source
was an institution or classroom teacher seeking approval of a superior
authority to implement a program.
In both cases the administrator plays a very important role.
The administrator was expected to make decisions and give policy
guidelines on the implementation of programs.
The administrator might be helped or hindered in his decision
making by a variety of forces that were ever present. Some of the
major forces observed in this study were:
1. The need to maintain the system at a steady state and
hence the tendency to reject or postpone the implementation
of new programs until they were proved good.
2. The higher the official in the hierarchy the more visible
and vulnerable and therefore the more reluctant to
authorize new programs whose effect was uncertain.
3. Innovations cost money, and while this may not always be
reason for rejecting change, it was often used when in
doubt
.
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4. A curriculum that was targeted to a specific group exposes
the decision maker to what has been described as double
jeopardy. In this situation, if the program failed it
could not be concealed and if it succeeded other
institutions or departments might want the same kind of
treatment
.
As a result of the pressure arising from these forces, conflict
avoidance tends to be the rule rather than the exception by many
administrators, including the institutional administrators.
The task of decision making for curriculum implementation
could be facilitated if curriculum developers, inspectors and teachers
kept the administrator informed of all concerned during the program
development phases through regular consultation. This would establish
feasibility and a sense of program direction by all concerned. This
would also ensure that the approval by the administrator during the
implementation of the program would be obtained.
Once the administrative decisions had been made, those respon-
sible for implementation of the programs could then concentrate on
the implementation of the science programs at the institutional
level
.
Motivation for implementation
. The questionnaire administered to
the headteachers and science teachers did not specifically solicit
information on the role of motivation in the adoption and implementa-
tion of science curricula programs. However, during the interviews
with educational personnel in the Ministries of Education headquarters,
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curriculum developers, headteachers and classroom science teachers,
it became clear that motivation and provision of appropriate incentives
played a very significant role in the implementation of science
curricula programs at the institutional level.
The teachers' perception of the reward system was a critical
variable in the implementation of curricula programs. Uusally,
teachers did not implement a change unless there were rewards for
doing so. Secondly, if the incentives attached to the implementation
did not relate to the priorities of the users, the most that could
be expected was that they would adopt an appearance of the program
rather than the reality of change.
Identification of suitable incentives present many problems.
Salaries and conditions of service were often given as the major
incentive by the teachers. It was found that even with a preferential
salary entry points to attract and retain graduate science and
mathematics teachers,® the mobility of science teachers continues to
be high. The major reason for this was that the national economy
and employment patterns quickly adjust to be in line with the new
public sector structures and meet the challenge of the time,
especially in the private sector where most of the science graduates
leaving teaching go. Therefore, salary and promotions were too en-
tangled with politics and economic factors to be widely used as in-
centives and rewards in the implementation of educational innovations.
To attract science and mathematics graduates into teaching,
the government offers a salary that is three increments above the
entry point of the graduate salary scale.
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It was the contention of this researcher that intrinsic motiva-
tion was likely to be more effective than extrinsic and material
motivation in the implementation of science programs. Innovative
teachers would naturally find the experience of successfully intro-
ducing a curriculum change in their classrooms a reward in itself.
Others would find satisfaction and renewed motivation in the joy of
objectives pursued and fulfilled, in evidence of student success and
in overt approval of the innovation by students, colleagues or the
public. As revealed by managmenet science, "the most effective
motivator of improved job performance is the opportunity to learn
and grow by means of increased scope, challenge, responsibility and
a job well done" (Hersey and Blanchard, 1977: 43-45).
An underlying but significant observation was that given the
freedom of choice in schools, the aministrators and teachers were al-
ways likely to opt for those programs, however irrelevant they might
appear to the outsiders, that would lead to more rewards at the
instructional, institutional and societal levels. Therefore, the
Ministry of Education and its institutions should endeavor to create
an educational meritorious service by teachers. Issues relating to
implementation of the science programs such as the instructional
programs and teaching resources are examined in the next section.
Instructional Programs
The official science policy and the various science curricula
programs all advocated a practical and experimental approach in the
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teaching of science. The implementation of science curricula programs
at the instructional level demanded an understanding and belief in
program objectives and proposed teaching methods. This study investi-
gated the objectives of the science programs' teaching methods and
content
.
Objectives of science teaching
. The objectives of science teaching
are outlined in the Curriculum Guide to Secondary Schools produced
by the Ministry of Education and Ministry of Higher Education circulars
.
The teachers were asked to rate the objectives of science
teaching on a five-point scale ranging from not important to very
important. They were also asked to rank order what they considered
as the four most important general aims of science teaching. The
responses were then analyzed in terms of mean rating and the
frequency of rank ordering. Table 12 summarizes the responses by the
teachers
.
For most teachers, the knowledge of basic scientific facts,
understanding of the scientific method, ability to use science in
everyday life, creative approach to problem solving and understanding
of theoretical concepts were the most important aims of science
teaching
The teachers were asked to rate and rank thirteen specific
objectives of science teaching as they had done with aims of science
teaching. This is reported in Table 13. The rating and rank
ordering had a similar pattern indicating that there was general
agreement by the teachers on the importance of the specific objectives
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of science teaching. Teaching students to: ask questions, to
think critically, to analyze information and data, and to read and
understand science texts were considered as the most important
objectives of science teaching.
The responses from teachers on specific objectives of science
teaching suggested that teachers considered an experimental approach to
science teaching to be very important. Teachers considered that
observation, drawing conclusions experiments and thinking critically
as important aims in specific science teaching.
The training of students to ask questions was rated higher in
schools. More than 85 percent of the teachers in these schools were
familiar with the objectives often associated with the experimental
approach to teaching and learning of science. It is likely that
recent emphasis in the EACE examinations for practical approach and
understanding of scientific concepts had influenced the perception of
teachers on what were considered as the important aims and objectives
of science teaching by the authorities.
Methods and content . Recent developments in secondary school science
programs in Kenya emphasize an experimental approach to science
teaching at all levels. The curricula programs also emphasize
active participation of students in the teaching and learning of
science. It is considered that this helped to (1) encourage careful
observation and accurate recording, (2) develop manipulative skills,
(3) arouse and maintain interest and an attitude of curiosity in
students, (4) show what is meant by scientific experimentation, the
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proper use of controls and presentation of data to students, and (5)
verify scientific facts and principles already taught (Ministry of
Education, 1973: 68). Further, through science courses the students
were expected to:
. .
. learn to distinguish between observed phenomena and
explanations put forward by the creative thinking of the human
min
'
;
* learn the interplay between observed facts and
explanation, and to appreciate how science develops(Ministry of Education, 1976: 110).
The Ministry of Education has recommended that, wherever possible
science teaching should occur in the laboratory. However, "where
the laboratory facilities in schools are not adequate, the schools
are expected to teach all double-period lessons in a laboratory"
(Ministry of Education, 1973: 70).
The teachers were asked to indicate how they organize students'
laboratory work in the science lessons. They were also asked to
estimate how often they do laboratory work in their teaching. The
information obtained from the questionnaires was supplemented by the
information from the visits and interviews with teachers.
The schools that offered physics and chemistry as separate
subjects provided more opportunities to students for practical work
than those that offered only physical science. The frequency of
laboratory work increased as students advance from Form I to IV in
all categories of schools.
In most cases, the number of laboratories in a school seemed
to determine the frequency of the practical work rather than the
extent or adequacy of the laboratory facilities and equipment.
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Teachers tried to improvise with whatever apparatus was available
in the schools. For example, it was observed during the visits to
schools that, in some schools where the laboratory space was inade-
quate, teachers often carried the basic demonstration apparatus to
the classes.
Sixty- five percent and 68 percent of headteachers in schools
offering separate subjects and physical science, respectively, consider
lack of apparatus as a major difficulty in teaching science effect-
ively. However, on a physical examination of the facilities avail-
able, it was discovered that in some schools there were large stocks
of unused chemicals, apparatus and equipment.
In some cases, the teachers did not know how to use the
apparatus and equipment in their teaching or they were simply not aware
of its existence. This was particularly common in schools where
there was no inventory of science equipment. This made it difficult
to know what was available and, above all, what was required to build
a stock of basic chemicals, apparatus and equipment through
judicious purchasing.
It was observed that in schools where the basic laboratory
space, apparatus and the equipment were available, the critical issue
seemed to be efficiency of utilization of the resources, rather than
quantities, that appeared to influence the quality of science
instruction. Tables 14 and 15 summarize the frequency of laboratory
lessons and the organization of students for laboratory work in the
sample schools.
134
TABLE 14
FREQUENCY OF LABORATORY LESSONS IN THE SAMPLE SCHOOLS
Every double
lesson
Once a
fortnight
Once a
month Never
Chemistry
(N=17)
Form 1 61% 27% 12%Form 2 57% 29% 14%
Form 3 60% 35% 5%
Form 4 80% 19% 1%
Physics
(N=17)
Form 1 60% 26% 13% 3%Form 2 54% 34% 12% 2%Form 3 57% 34% 7% 2%
Form 4 59% 30% 9% 2%
Physical
Science
(N=68)
Form 1 52% 26% 22%
Form 2 50% 41% 9%
Form 3 65% 35%
Form 4 78% 22%
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TABLE 15
ORGANIZATION OF STUDENTS FOR LABORATORY WORK
Percentage of Schools
Subject by
Number of Students per Group
Class 2-3 4-6 Over 6
Chemistry
(N=17)
Form 1 27 53 20
Form 2 27 60 16
Form 3 35 60 5
Form 4 70 29 1
Physics
(N=17)
Form 1 17 62 18
Form 2 18 61 20
Form 3 39 43 17
Form 4 50 35 13
Physical
Science
(N=68)
Form 1 30 54 14
Form 2 28 59 13
Form 3 50 46 4
Form 4 70 26 4
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The practical examination played some role in determining when
how teachers organized the laboratory work, especially in non-SSP
schools. The teachers were asked to indicate in which classes they
began preparing the students for the practical examinations and why
they did so. Most of the teachers, as will be seen from Table 16
below, began preparation of students for the practical examination as
soon as the selection has been made in Form III. Nearly a third of
the schools, however, began in Form IV.
There was a variety of reasons why teachers began preparation
in these classes. Some of these reasons were:
"I start in Form III because at this stage the pupils have a
good theoretical background of the subject."
"Our laboratory facilities are limited, therefore only Forms
III and IV can perform experiments."
Starting earlier than Form III involves separating the
subjects into physics and chemistry--a luxury that our timetable
cannot afford."
"In Forms I and II practical work is done to help them develop
skills in handling apparatus. In Form III more practice and
in Form IV more intensive practical work and formal prepara-
tion is needed."
At Form III students are able to follow instructions more
easily.
"
"I really do not distinguish between practical and theory--
having no practical examination helps" (SSP Teacher).
Teachers were then asked to comment on the impact of practical
examination on their teaching. Some teachers indicated they did not
like the examination because: "the examination only tests a small
part of the syllabus"; "there is little room for initiative by the
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TABLE 16
BEGINNING OF PREPARATION FOR SCIENCE PRACTICAL EXAMINATIONS*
Form
Form I Form II Form III Form IV
Chemisty
(N= 17) 2 1 2 8
(13%) (5%) (37%) (45%)
Physics 3 0 8 6
(N=17) (18%) (1%) (48%) (33%)
Physical
Science 9 3 32 24
(N=68) (14%) (5%) (47%) (35%)
There are practical examinations in all non~SSP courses. However,
there is no practical examination in the SSP courses.
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students”; and that "the present examination is only good for follow-
ing instructions and handling apparatus."
On the whole, as will be seen from Tables 14, 15 and 16, the
schools that offered only physical science experienced considerable
difficulty in teaching science compared to the schools that offered
physics and chemistry as separate subjects. Probably this could be
explained by the fact that many of the schools that offered separate
subjects were older and therefore had better laboratory facilities.
These schools also usually had better qualified and more experienced
teachers. On the other hand, most of the schools that offered only
physical science were new, had poor science teaching facilities and
have a large proportion of young, inexperienced graduate and non-
graduate teachers.
Course content, teachers and student performance
. The implementation
of science curricula programs on offer to schools made varying
demands on teachers and students. Analysis of chemistry content of
the various courses in physical sciences was examined to find out
whether there were any topics that were particularly difficult to
implement across the various courses and syllabuses.
Teachers in the schools that offered physical science and
chemistry were asked to identify five topics that they considered
most difficult to teach to their satisfaction. Difficult as used in
the study implied both difficult for the teacher to teach well and
difficult for students to understand, as perceived by the teachers.
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Topics relating to the periodic table, gas laws and molar
volumes, atomic structural, chemical bonding, electrolysis and
chemical calculations were considered as some of the most difficult
topics by teachers. The findings from teachers' responses were
contrasted with information on student performance on different
topics in the East African Examinations Council (EACE) examinations.
These are given in Tables 17 and 18. The students' performance in the
1977 EACE examination results was analyzed using data from the East
African Examinations Council EACE Adjudication Report. Data on
physical science and chemistry syllabuses were used to identify
possible problem topics.
In the analysis of the results of the EACE examination, the
East African Examinations Council used facility values for each of
the items. The facility value was used as a measure to discriminate
between weak and strong candidates. Discrimination as used by the
Examinations Countil meant the ability of an item to distinguish
between academically strong and weak candidates. The ability examined
by different items was also analyzed. 7
The facility value is a ratio of the mean mark obtained by
candidates and the maximum mark for the question.
Facility Value (f) = Mean mark obtained by candidates
Maximum mark for question
7The East African Examinations Council uses Bloom's Taxonomy
of Educational Objectives in setting, marking and analyzing the
results
.
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The Examinations Council uses facility values of 0.5 as a norm
in the EACE examinations. However, for examination purposes, items
with facility values between 0.4 to 0.7 were used very sparingly
because they are considered unsuitable. Items with facility values
above 0.7 are usually considered too easy, while the items with
facility values below 0.4 are considered too difficult for the
majority of students.
All examinations in the physical sciences were divided into
three papers. Paper 1 consisted of Section A which was made of
compulsory objective- type questions and Section B which consisted of
structured questions. Paper 2 consisted of semi-structured questions
Paper 3 consisted of practical examinations. Student performance in
different sections of the syllabus are examined below.
Appendix E gives a summary of the item analysis of the multiple
choice papers for the chemistry syllabuses and the chemistry section
of the physical science syllabuses.
The items with facility values of 0.4 or less and the topics
of the syllabuses they examined were identified. The topics were
then compared with the topics identified as difficult by teachers.
The topics perceived as difficult by teachers correspond very closely
with the topics in which students perform poorly as indicated by low
facility values. Many of these topics were related to theoretical
and descriptive chemistry. Students also performed poorly in topics
that required application of basic mathematical skills.
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The analysis and comparison of topic content, assessment by
the teachers and students' performance in chemisty and physical
science 1977 EACE Examination Objective Questions and the Structured
Questions are summarized in Tables 17 and 18.
The data on student performance in the EACE examination were
used in this study to identify whether there was any relationship
between the topics considered difficult by science teachers such as
theoretical and descriptive chemisty and student performance. It
was observed from the analysis of the responses from teachers and
student performance in the East African Certificate of Education
examination that there was a close relationship between topics
considered difficult by teachers and topics in which students per-
formed poorly. Students tended to perform poorly in topics
considered
as difficult by the teachers. This finding suggests that
the
implementation of the curriculum that resulted in poor performance
by studentsand selected aspects of the examinations may
have been
caused by one or a combination of the following factors: (1)
student
ability to understand the content of a given topic; (2)
poor teaching;
(3) the content of the course being
inappropriate for the given
ievel ; (4) inappropriate teacher
training; and (5) the content of the
examination may have been inappropriate for assessing
the syllabus.
By comparative analysis of examination data,
the program
content, teachers and teaching methods it
might be possible to
identify the problems that lead to poor
performance by students.
Once the information was available, the
programs could be developed
the teaching and learning of science.to improve
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Science Teaching Resources
The implementation of science curricula programs required
sustained administrative support, teachers and instructional re-
sources
.
Teachers
. Science curricula programs by themselves could not bring
changes at the classroom level. The teachers involved in the imple-
mentation had to understand the underlying philosophy, be committed
to the spirit of the program and above all be conversant with program
objectives and content.
The supply and training of science teachers were identified in
this study as separate but related aspects in the implementation of
science programs. The supply of qualified teachers continued to be
a major problem in Kenya. The shortage was so acute that expatriate
science and mathematics teachers had to be recruited from Britain,
Pakistan, India and, to a lesser extent, the United States of America.
Furthermore, because of the shortage of teachers for the senior
classes of Forms III and IV, non-graduate teachers often had to
teach these classes. Non-graduate teachers were trained to teach
only in Forms I and II.
The seriousness of the problem of shortage was summarized by
the National Committee on Educational Objectives and Policies when
it recommended that "The implementation of a four-year education
reform will require changes and improvements in secondary school
teacher education" (Kenya Government, 1976: 111). The committee
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further recommended that "There should be an Increase in the number
of mathematics, physics and chemistry teachers to be trained" (Kenya
Government, 1976: 111).
The distribution of teachers in sample schools by qualification
and citizenship is summarized in Table 19. Table 20 shows the
distribution of teachers by subject and teaching experience.
The relatively young Kenyan science teacher population, and
the large number of expatriate science teachers and frequent transfer
of teachers result in lack of continuity in teaching. Table 21
summarizes the percentage of teacher stability in schools.
It is usually assumed that with experience comes greater
competence in teaching. The validity of this assumption was not
examined in this study. However, it was considered that a teacher
who had been involved in instruction designing was likely to respond
to students' needs better than a new teacher who had not handled the
materials before. Consequently, the researcher was interested in
drawing a profile of the teaching force in the sample schools to
examine the qualification of teachers, experience, and staff stability
in schools. Eighty-five percent of the teachers in the sample
schools had more than two years' teaching experience.
Tables 20 and 21 indicate that a teacher with less than five
years of teaching experience might have been transferred two or
three times. The constant transfer of teachers coupled with an 11
percent drop-out rate of teachers resulted in a strained staffing
situation in many secondary schools, especially in the science
subjects (Wachira, 1975: 5).
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The shortage of science graduate teachers and the high
drop-out rate seemed to be aggravated by low professional morale
among science teachers. It was observed from discussion with head-
masters and headmistresses and science teachers that there was a
tendency to want to retain science graduates in classroom teaching
as long as possible.
The reasons for this tendency were many but major ones seemed
to arise from the fact that there was a greater shortage of teachers.
The Ministry of Education in its efforts to train, recruit and
retain science teachers, usually tends to assign administrative and
often promotional jobs to arts graduates. As a result, the science
teachers saw their colleagues climb the professional ladder as
deputy headteachers, headteachers, and educational administrators
while efforts were made to retain them as classroom teachers as long
as possible. Many science teachers resented this. Many also felt
that even though they enjoyed teaching, their only real outlet for
career and personal advancement was outside the Ministry of Education
and definitely not in the classroom. This often resulted in low
morale and lack of motivation, especially with the national science
teachers. The result was that many teachers left teaching as soon
as there was an opportunity to do so.
Training of teachers . Implementation of science curricula programs
involves putting into effect the programs produced during the design
and development process. In the past a great deal has been said
about the need to involve school teachers in curriculum development
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so as to facilitate the eventual implementation of the programs. In
practice, only a handful of representtive teachers (KIE
,
1976) were
involved in curriculum development. If it were possible to involve
more teachers in curriculum development, it would have led to a
better appreciation and sympathy for the programs. It might also
have helped the teacher to develop skills in curriculum development.
However, the curriculum development process does not include all the
practical considerations for curriculum implementation, especially
in situations where programs are developed under great pressure from
Ministries of Education, funding agents or legislators.
In curriculum implementation, the teacher in the school had to
interpret the objectives and content in the curriculum plan, design
an instructional plan, manage the learning situations transforming
plans or intentions into actual practice. To do this, the teacher
needed knowledge and skills in the specific subject area, in pedagogy
and curriculum designing at the institutional level. Therefore, it
is necessary to organize training programs to introduce teachers to
curriculum development and implementation. This may be done through
preservice and inservice training programs.
There has been a growing concern and desire in the Ministry of
Education to organize more inservice courses to introduce science
teachers to new programs. In the past inservice courses have tended
to be expensive and often call for skilled organizers who were not
readily available. For instance, during the development of the SSP
courses, courses were held regularly for teachers in the pilot
schools. But, at the end of the trials, the program could not be
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continued into the implementation phases because the members of
curriculum development teams were deployed to other tasks and the
financial resources were no longer available.
Once the development of a program had been completed, the
Inspectorate Section of the Ministry of Higher Education had to
ensure that the programs were implemented. The section was also
expected to organize inservice courses for teachers during the
implementation phase. Again, because of dwindling financial resources
and lack of adequate science inspectors, it was difficult to organize
more than two inservice courses in the various subjects for science
teachers in any one year. As such teachers had to make do with
whatever information they get from their headteachers
,
circulars
from the Ministry of Higher Education, information from journals and
magazines
,
and information from publishers and manufacturers to
supplement textbooks and examination regulations.
Preservice teacher training plays a major role in preparing
teachers for the implementation of programs once they graduate.
Therefore, the college curricula in teacher education must be linked
to the school curricula at every stage. There has been a growing
awareness of a gap that exists between classroom practice and the
teacher training courses, especially at the university level. For
example, the Faculty of Education of the University of Nairobi,
concerned about the apparently low level of science teachers produced
by the university, observed that the "major problem facing this
program (of science teacher education) is that the major part of the
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staff in the sciences and arts have no teaching qualification"
(University of Nairobi, 1976: 8). This certainly reduced the quality
of instruction in teaching method and the subsequent ability of the
teachers to implement programs. Therefore, for the effective imple-
mentation of science curricula programs teacher training programs
must be linked to real classroom conditions while at the same time
meet the rigors of university studies in providing the necessary
theoretical foundation for the teachers.
Instructional materials
. The implementation of science curricula
programs required adequate supply and use of instructional materials.
In this study two types of instructional materials were identified.
These were: (a) textbooks for teachers and students; and (b) apparatus
and equipment.
Textbooks
. The provision of textbooks for teachers and students
in the sample schools was examined in this study.
Science teachers were asked to indicate whether they considered
the class texts and reference books for physical sciences as satis-
factory, adequate, just enough, or unsatisfactory.
Provision of textbooks for students was generally satisfactory
in schools offering physics and chemistry as separate subjects and
less satisfactory in schools offering only physical science as
indicated in Table 22. In schools offering SSP courses, the SSP
students' manuals in physics and chemistry were supplemented with
commercially produced students' textbooks, workbooks or manuals.
Teachers in schools offering SSP courses indicated they used student
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reference books, especially in Form IV to supplement the practical
work and to provide more basic scientific facts in the specific
subjects. This was considered significant because it entails a
departure from the prescribed courses to fill critical knowledge gaps
as seen by the teachers. This related to the structure and content of
the course. Table 22 summarizes the provision of students' textbooks
in the physical sciences.
There was poor provision for textbooks in the lower classes,
especially in schools offering only physical science. In these
schools, more than 50 percent of the students either had a book
between two or three students.
The provision of textbooks and reference books for students
improved as one moved into senior secondary in Forms III and IV.
This trend was closely related to the preparation for the East
African Certificate of Education examination. As the days for the
examination approached, there was increased teaching, practical
work, textbooks and reference books by teachers. On the whole,
schools offered a wide selection of commercially produced textbooks.
The choice of textbooks and reference books depend entirely on
teachers' preference and availability of funds to buy them.
It was observed during the visits to schools that the format
of the presentation of student textbooks influenced the implementa-
tion of programs. It was also observed during the visits to schools
that the form in which the textbooks were presented influenced the
implementation of a program. The SSP Chemistry students' manuals
illustrate this problem very clearly. Originally, in the SSP
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Chemistry Course development, it was considered inappropriate to
develop a pupil textbook. Instead, it was argued that what was
required were laboratory student sheets. These were to be used by the
students in carrying out their investigations and then filled in a
student folder with the notes made during the laboratory work. The
student laboratory sheets and the notes made by the students during
the investigations were expected to develop into a students’ personal
textbook.
In practice, it was discovered that the students were not
capable of maintaining accurate and up-to-date folders over a period
of four years. The folders tended to be tattered, incomplete and
uninspiring as a source of information. So, it was decided to
publish the students' investigation sheets as a Students' Manual
that would be used only once. This meant that the manuals became
expendable student textbooks which had to be bought every year.
The schools found they could not afford to buy the same text-
book every year. Therefore, the schoos offering SSP courses decided
that the student manual should be used over and over again.
Since the student investigation sheets were published as
originally designed without any alteration, the student just filled
in his/her observations in the manuals. At the end of the year, the
books were turned in and passed on to the next class. Some of the
information entered in the manuals was incorrect. With the new
text, the students in the subsequent years could no longer carry out
the investigations as originally planned.
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The provision of students and teachers' reference books follow
the same pattern as the provision of textbooks as can be seen from
Table 23 below.
Laboratory faci lities and equipment
. All headteachers
and science teachers in the ten schools visited considered that
for effective implementation of science programs, it was necessary
to have an adequate supply of laboratory facilities and equipment.
The running water, electricity, gas, chemicals apparatus and apparatus
that constitute the laboratory facilities in schools were installed
from grants provided by the Ministry of Higher Education.
Schools were expected to develop their science teaching facil-
ities as they grew. For example, a single-stream day school offering
oniy physical science and biology was initially expected to have at
least a general laboratory. Once the schools developed, an additional
laboratory was built so that each of the two laboratories was used
for teaching physical science while the other was used for teaching
biology. As the school expands, it might wish to offer physics and
chemistry as separate subjects. At this point the school might have
separate laboratories for teaching physics and chemistry. The
bigger and older schools had junior as well as senior labora-
tories
.
In practice, most two-stream schools usually had separate
laboratories for teaching physics, chemistry and biology. Physical
science when offered in these schools was taught in the physics and
chemistry laboratories. The smaller, one-stream schools had only a
physical science and a biology laboratory.
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In the sample schools, 45 percent of the schools had one to two
laboratories, 45 percent had a physics laboratory, 60 percent had a
chemistry laboratory and 15 to 20 percent had only a general physical
science laboratory.
It was also observed that some schools had laboratory buildings
that could not be used for teaching because money was not available
for installing essential services such as running water, gas,
electricity and furniture.
Teachers were asked to indicate whether they considered that
the science teaching facilities in their schools was adequate for
demonstration experiments or student work in small groups. Six
percent of the teachers felt that the facilities were inadequate
even for demonstration work, while 16 and 10 percent felt that the
facilities were inadequate for physics and chemistry, respectively.
This relates closely to the laboratory facilities available in
schools. The frequency and student group sizes for practical work
follow a similar pattern. This suggests that there was a relationship
between availability of science teaching facilities and implementa-
tion of the investigation aspects of science curricula programs.
From the interviews with the Ministry of Higher Education
officials
,
particularly the Inspectorate Section, the curriculum
developers at the Kenya Institute of Education, headteachers,
specific science teachers, and the Director of School Equipment
Production Unit, it was clear that the major purchasing of science
apparatus, equipment and chemicals was done during the months of
September and October in preparation for the practical examination.
159
Many headteachers felt that It was too expensive to run science
departments as requested by the teachers. So, whenever there was "a
shortage of funds, it is usually the science department that suffers
first" (Sinclair, 1976: 3).
Main difficulties in p rovision for physical sciences
. Finally, the
schools were asked to indicate what they considered to be the three
main difficulties in the implementation of physical sciences programs.
The information for separate subjects (physics and chemistry) and
physical science were analyzed separately to investigate whether
there was any difference in the two categories.
The responses from the heads of schools is summarized in
Table 24. There was a similarity in the types of problems experienced
by all schools in the implementation of science curricula programs.
The lack of adequate grants, the high cost of buying laboratory
equipment, the resulting inadequacy of science teaching facilities
was of great concern in many schools. The grants to schools had not
increased in the last five years despite the fact that the cost of
apparatus, chemicals, equipments and textbooks has continued to rise
steeply.
Schools offering physics and chemistry as separate subjects
experienced problems arising from qualifications and lack of experience
of science teachers and the rapid turnover of staff. Most of these
schools were for a long time staffed with experienced expatriate
teachers who obtained contract extensions and continued to teach in
the same schools for many years. However, most of these had been
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replaced by relatively young science graduate teachers. A few of
these young graduates were either promoted or joined the private
sector. This aggravated the need for experienced science teachers.
In approximately 25 percent of all the schools, the availabil-
ity of suitable textbooks continued to be a major problem. There
was a wide range of fairly good commercially produced textbooks, but
with dwindling grants the schools could no longer afford to buy
them. As a result many of the schools visited complained of old and
out-of-date textbooks, inadequate apparatus and chemicals.
It was significatnt to note only a negligible number of schools
cited the quality of the science programs or textbooks or the examina-
tions as a source of difficulty in the implementation of science
programs. The belief among most headteachers and science teachers
seemed to be that any science program could be implemented successfully
if the teachers had the necessary skills and adequate facilities.
Many headmasters, especially in schools where the basic science
teaching facilities were available, indicated that in most cases the
initiative of the teachers played a major role in the way the science
curricula programs were implemented.
From the analysis of the data on students' performance in the
EACE examinations over the past ten years and visits to schools,
there were indications tht the qualifications of teachers, equipment
and facilities available, financial capability and school organization
did not account fully for variation in learning. These factors
might provide the teaching and learning environment for the teachers
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and his students during the instruction process. In most cases,
as was observed by Bloom in his studies on human characteristics and
school leaving, it was the teaching and not the teacher that was
central, and it was the environment for learning in the classroom
rather than the physical characteristics of the class and classroom
(or laboratory) that is important for science learning (Bloom, 1976:
111). Apparently, it was because of the differences in teaching,
the learning environment in the classroom and school that schools with
comparable staffing, laboratory facilities and textbooks, and similar
geographic conditions developed into unique institutional learning
environments
.
Discussion and Synthesis
This chapter examined how the various science curricula
programs were implemented in the secondary schools in Kenya. The
different factors that affected implementation of these programs
were also examined.
In the identification and analysis of these factors, issues
such as the role of policy making, administration, instructional
programs and instructional resources on adoption, adaptation and
implementation of the programs were considered. However, the inter-
relationships between the various factors were not analyzed. In
this final section of the chapter, a discussion and synthesis of
the factors identified in the study are made to examinine the extent
to which they influence the implementation of science programs.
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In this study, five major categories of factors affecting
implementation of science programs were identified. These were:
(1) policy and administration for implementation; (2) institutional
organization; (3) adoption and adaptation of science programs; (4)
the eventual instructional programs themselves; and (5) science
teaching resources. From the analysis of data collected in the
study, it was found that the above categories may be condensed into
three major clusters of factors on the basis of the influence on the
implementation of science programs in schools. Those were: (1)
policy, administration and decision making in the implementation of
programs; (2) course content, teaching methods and science teaching
facilities; (3) learning environments; and (4) assessment and
examinations. These are examined below.
EP.li cy> administration and decision making in the implementation of
programs
. In the process of curriculum development and implementa-
tion, it was contingent upon those charged with the responsibility
of formulating national and institutional policy to ensure that the
policies and program development were consistent with each other.
Ideally, the major policy decisions would have been made at the
beginning of the project development to ensure that the different
participants, who were likely to be involved, had a common framework
to form the basis for their work. Clear policy guidelines were
important because there were always many personnel changes during
the course of the development of a project. Bringing together
personnel to formulate policies provided opportunities for specialists
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With varying skills and experiences to contribute to project formula-
tion and consequently the planning for its developments and implements-
tions
.
During the implementation of programs, it was necessary to
have clear policies, directions and decisions at the national,
provincial, institutional and instructional levels. This would have
helped to bring about coordinated program implementation and sustained
feedback to facilitate future program improvement and development.
Where this did not happen, as in the case of the SSP courses, many
schools and science teachers were confused and frustrated by conflicting
demands for an inquiry and practical approach to teaching, the SSP
type examinations, and strictly controlled implementation of the SSP
courses in schools. Unfortunately, when policies were unclear, and
the teachers were not sure what to do it was the students who suffered
in the final analysis. It as found that the older and established
schools could absorb the demands of new courses because they had
more experienced headteachers and teachers who were able to get
reasonable grants to run the schools. These schools also had better
science teaching laboratories and above all had established positive
learning environments in which teachers and students shared a sense
of belonging in the institution. Therefore, for effective implementa-
tion of programs it was found necessary to have coordination and
clear communication at different levels in policy and decision
making
.
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Course content, teaching methods, and science instructional resource
The institutional and instructional implementation of science programs
involved an examination of the official programs, choice of course
content to be used by the various groups of students in the school,
and adaptation of the suggested teaching methods in light of the
teaching resources available in a particular school. The teaching
resources included laboratory space, facilities, equipment, apparatus,
chemicals, reference and textbooks for teachers and students.
However, this study finds there is also a need for inservice training
m a variety of areas such as content coverage, use of laboratory
facilities and examination techniques.
In this study, it was found that the specific content of the
various courses was not considered a major problem in the implementa-
tion of science programs by headteachers or science teachers. This
finding was surprising. Although the content of most syllabuses is
in fact originally acknowledged as similar by the East African
Examinations Council's Regulations and Syllabuses between 1970 and
1980, the analysis of student performance in the EACE examination
and the topics identified by teachers as difficult suggested that
certain topics in all the syllabuses are inherently difficult for
teachers and consequently difficult to teach, which resulted in poor
performance by students. Thus, although the headteachers and science
teachers felt that any content could be implemented, once the necessary
teaching resources were made available to teachers, the teaching of
various topics needed to be closely examined and any remedial work
necessary to inservice teachers undertaken.
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On closer examination of suggested teaching approaches it was
found that all courses advocated a practical laboratory or inquiry
approach to teaching. The major difference was observed in the
level of elaboration of the teaching methods. These ranged from
four paragraphs in the official physics syllabus (East African
Examinations Council, 1980-81: 110) to the detailed course
outlines, Teachers' Guides, Students’ Manuals, Data Books and Back-
ground Readers in SSP physics, chemistry and physical science. The
latter provided much more assistance to the teacher in implementing
the courses. More teachers indicated that they had fewer problems
following the course than those who used the rather skeletal examina-
tion syllabuses in their instructional planning. Many of the teachers
in this category indicated they had problems completing the four-year
course. This may be because (1) in formulating the examination
sullabuses the Examinations Council was more concerned about the
minimum content that should be examined and did not bother to examine
whether it could be covered in four-year courses or not; (2) the
Council considered the content of the course and determined that it
could be covered but the schools and teachers spent more time drilling
students to take the examinations. As a consequence, they did not
allocate enough time to cover the syllabuses; or (3) a combination
of the two where the Examinations Council did not consider whether
it could be covered and the teachers spent most of the time preparing
students for the examination. In either case the teachers need to
be assisted by the Ministry of Higher Education in effective instruc-
tion planning through inservice courses.
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One of the outcomes of the statistical survey of science
education carried out by the Kenya Institute of Education was a
decision by the Ministry of Education to evolve a national science
policy and to rationalize all the science syllabuses. This was to
be done for developing only a series of four or five syllabuses to
replace the ten science syllabuses that have been in existence over
the last fifteen years. Draft syllabuses have been prepared over
the last two years in physics, chemistry and biology. It is hoped
that once the development of these syllabuses is completed, the
development of the physical sciences and a new type of general
science will be undertaken so as to cater to the needs of all the
students
.
During the discussions with the science teachers in this
study, and in the course of this researcher's visits to schools as a
science curriculum developer and education administrator over the
last eight years, it was found that basic science teaching facilities
were essential for effective science teaching and learning at all
levels. However, once a school had the basic science teaching
facilities and a good collection of textbook and reference materials,
it was the utilization of these materials, rather than their presence
in the school, in teaching that made a difference in the effectiveness
of the implementation of programs at the instructional level. At
this stage, the facilities provided a potential for effective teaching
and learning but did not constitute effective teaching or learning
in any program. In fact, there were several instances where equipment,
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apparatus and chemicals were available in the laboratory but were
not used in teaching.
The learning environment
. Science teaching and learning took place
in a complex environment in the school. This environment consisted
of the physical, social and psychological dimensions. The physical
environment included the physical plant, classrooms, dining halls,
dormitories, science teaching laboratories and the facilities,
equipment and apparatus therein. The sociological environment
consisted of the student, the peer groups, non-teaching staff,
science teachers, other subject teachers, heads of departments,
headteachers, the borads of governments and the neighboring commun-
ities. The psychological environment consisted of the intangible
and often undefined affective characteristics of a school. The
complex networking of these environments provided the total learning
environment in a school and thus constituted the setting in which
curricula programs were implemented.
It was noted that although many schools were similar in terms
of Ministry of Education grading, they exhibited different character-
istics. The schools had similar student intake at Form I (according
to the Certificate of Primary Education examination results), physical
facilities, teachers (qualification, experience and numbers), laboratory
facilities, and grants from the Ministry of Education. It was noted
that some of these schools performed very well in public examinations,
excelled in out-of-class activities such as sports and clubs, and
the students seemed highly motivated. Some of the schools, on the
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other hand, performed poorly in public examinations and students
were poorly motivated.
This role of the environment in learning was not examined in
detail in this study. However, two important observations were made
and are examined here. The complex networking of the physical,
social and psychological environments provided the learning environment
in a school and set the tone of the school, and often accounts for
the differences observed in schools. Secondly, in the implementation
of science program attitudes play a very significant role in science
teaching and learning.
There was a widespread belief among teachers and students that
science and mathematics were too difficult for most students and
only the exceptionally bright students could handle them. This
attitude weighted even more heavily on young women students because
there was a feeling that science and mathematics are too complicated
and difficult for young women students to manage.
While these opinions may be untested, and not necessarily true,
there was sufficient evidence that some students seemed to believe that
science was too difficult and opted for the supposedly easier courses,
subjects such as history, geography or religious education. The pop-
ular belief about science and mathematics was accompanied by an equally
appealing belief that the arts subjects were easy and can be taken by
anybody. The notion of the "difficult science" and the "easy arts" no
doubt originates from the "two cultures" conflict described by
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C. P. Snow ( 1 962
)
8
In addition to the pressures on science learning coming from
these popular beliefs, there is increased pressure from the Ministry
of Education to increase enrollments in science courses at the
secondary university and all postsecondary school institutions.
Since secondary school education is critical for success in advanced
academic work and national development, in order to avoid premature
specialization the students are offered at least mathematics and one
science subject. There was a general belief in the country held by
teachers and educators that poor attitudes to science have a devasta-
ting effect on the implementation of science programs, tended to
diminish students' interest and discouraged them from putting efforts
into science subjects. This further demoralized and discouraged
science teachers and often resulted in low standards of science
teaching and learning.
For effective science teaching and learning, it is necessary
for all concerned, the Ministry of Education officials, school
headmasters and headmistresses, heads of science departments, science
teachers, science educators, career masters and guidance counselors,
to endeavor to bring about balanced attitudes about science and
mathematics teaching. This may help the students to face all the
subjects with an open mind and in this way assist them in discovering
8English education at the secondary school and university
levels had become so specialized that in 1959 C. P. Snow talked about
the "two cultures" populated by scientists and liberal humanists
incapable of communicating with each other.
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and developing their talents and to receive maximum benefit from
schooling
.
As sessment and examinations
. Assessment and examinations continue
to play an important role in implementation of science programs in
Kenya. Public examinations serve the dual purpose of assessing
student performance and as the only criterion for selection to
institutions of higher learning and job placement. The content of the
examination was used by many teachers and students in deciding the
importance of the various topics in the syllabuses and courses. This
makes the examinations an important factor in the implementation of
science curricula programs. Therefore, it is necessary to continually
study the content and form of institutional and public examinations and
modify them as need arises, to ensure that they augment the aims and
objectives of science programs used by the schools.
Summary
The process of implementation of science curriculum programs
involves translating the programs from syllabuses, plans, guidelines,
textbooks, students, laboratory manuals into classroom practice at
the instructional level. To facilitate this, there must be clear
and coordinated policy making, communication and administrative
support at the national, provincial, institutional, departmental and
instructional levels.
The policy and organizational aspects must be supported by
provision of adequate teaching and learning resources. These include
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availability of sufficient numbers of trained science teachers and
the adequate supply of teaching facilities, such as laboratory
facilities, equipment, apparatus, chemicals, reference and textbooks
Once the policy, administrative support, and the teaching-learning
resources are satisfied, the adaptation of the programs at the
institutional and instructional levels must be made to meet specific
learning needs. It is also necessary to create a physical, social
and psychological environment conducive to teaching and the learning
of science for the benefit of the students and the nation.
CHAPTER V I
SUMMARY AND RECOMMENDATIONS
Introduction
This chapter summarizes the study and advances priority
recommendations that were generated from the research.
Summary of the Study
The purpose of this study was to identify and analyze the factors
that affect the implementation of secondary school science curricula
programs in Kenya and to discuss their implications in order to
improve science education. The study emphasized both theoretical and
practical aspects of science curricula implementation.
The study was guided by six key questions:
1. What does the literature suggest concerning the issues
in science curricular development and implementation?
2. What are the origins, objectives and present status of
Kenyan science curricula programs?
3. How are the prescribed science curricula programs actually
being implemented in the secondary schools?
4. What factors are apparently affecting the implementation
of secondary science curricula programs?
5. What is the relative influence of these factors in the
implementation of the programs?
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6. What does the study suggest should be considered in order
to improve the implementation of science curricula progams
in the future?
An extensive review of the literature was undertaken to identify
and analyze the factors relating to curricula development and implemen-
tation. The review included government policy documents, reports on
development and implementation of programs, examination regulations,
newspapers, journals and books. Question 2 was examined through an
analysis of the historical background to the development and implemen-
tation of science education in Kenya with special reference to the
programs aimed at improving science teaching and learning at the
secondary school level over the last twenty years. Questions 3, 4
and 5 were related to the implementation of prescribed science
curricula programs in secondary schools and the factors that affected
the implementation of these programs at the instructional level.
An investigation of the implementation of all physical sciences
programs in a sample of 134 secondary schools was conducted. However,
the study was delimited to physics, chemistry and physical science
syllabuses. A study of the implementation of the different syllabuses
in the sample schools was carried out by examining the type and size
of schools, the student and teacher compositions, the science programs
followed by schools, instructional methods and materials used and
the teaching-learning environment. This information was obtained
through the use of a questionnaire, interviews and visits to schools.
The content of various syllabuses was analyzed utilizing the teacher
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questionnaire and student performance, as measured by data from the
East African Examinations Council. The results were matched to
identify problem content areas.
The data from questionnaire, interviews and physical checks of
adequacy and utilization of science teaching facilities were compiled
analyzed and classified into four major categories of factors.
These were (1) factors relating to overall policy on the implementa-
tion of science curricula programs, (2) factors identified by school
administrators, (3) factors identified by science teachers, and (4)
factors identified by the researcher. The implications of these
findings were considered with each of the factors.
Overall po licy on implementation of programs
. A variety of science
programs exist in Kenya. These vary in detail from skeletal examina-
tion syllabuses that contain only brief statements of course content
to detailed courses consisting of carefully structured teaching
syllabuses, and support materials such as teacher guides, students'
manuals and audio-visual support materials.
The implementation of science programs may be viewed at two
levels. The first of these is the operational level, whereby the
teachers attempt to implement the programs as prescribed by the
syllabuses or program instructional materials to the best of their
abilities. This is often done under varying conditions and poor
teaching facilities. Operating at this level often involves
simply carrying out of instructions as stated in the manuals or
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textbooks without necessarily understanding or believing in the
philosophy or the underlying principles of the program.
At the second and more comprehensive level, in addition to
following the prescribed course manuals, textbooks or the syllabuses,
the teachers understand, and perhaps believe in, the philosophical
basis of the programs. As a result, the teachers reflect this in
their teaching. Teachers who understand and are committed to the
philosophy of a program are likely to use the program more imagina-
tively to enrich their teaching. To operate at this level, there is
a need for teachers to have some basic training, and experience as well
as have available basic science teaching facilities.
In this study, it was observed that relatively young and
inexperienced teachers tend to operate at the first level while the
more experienced teachers tended to operate at the second level when-
ever facilities and resources permit. A common feature of all
syllabuses and courses examined in this study was the absence of a
comprehensive and systematic national curriculum development and imple-
mentation program at the secondary school level. The link between
development and implementation was very weak. Consequently, most of the
teachers were operating at level one. However, given the fact that
many teachers operate with fairly meagre resources, this is indeed
commendable. It must be emphasized that curriculum developers,
inspectors, and supervisors must continue striving to assist the
teachers in their implementation of the programs.
From discussions with headmaster/headmistresses and science
teachers during the visits to schools, it was evident most headteachers
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had at least a cursory knowledge of science programs used in their
schools. Since the headteachers are responsible for formulating and
implementing institutional policy, it is of utmost importance that
they be fully informed of all available curricula options and their
implications. In this way, the headteachers are likely to be more
enlightened and sympathetic in facilitating the implementation of
science programs. In a similar way, an ongoing information gathering
on the status of the implementation needs to be made to the Ministry
of Education to facilitate policy formulation and decision making on
curriculum development and implementation.
Factors affect ing implementation of programs identified by school
administrators. Two problems frequently identified by school admin-
istrators in the implementation of programs were the large number of
science syllabuses and the high cost of implementing science courses.
The large number of science syllabuses : Many of the headmasters
and headmistresses interviewed during the visits to schools were
concerned about the large number of science syllabuses currently
available to schools. Many felt that this was neither necessary nor
desirable. There are presently as many as ten syllabuses offered
to schools in one subject area. This only made institutional curric-
ulum policy formulation unnecessarily cumbersome and confusing.
High cost of implementing science programs : The running of
science laboratories and providing such expensive items as chemicals,
glassware, filters and textbooks is much more expensive compared to
the other subjects. The shrinking budgets from the Ministry of
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Higher Education and the soaring cost of constructing and equipping
laboratories make it impossible for the headmasters/ headmistresses
to meet all the requests by science teachers, especially in the
young and developing schools.
Factors affect ing implementation identified by science teachers
.
Three major problems were frequently mentioned by the teachers.
These were: (1) lack of laboratory facilities, (2) lack of money
for buying equipment, apparatus, materials and maintenance, and (3)
inadequate time allocation to cover the content in the prescribed
programs
.
Lack of laboratory facilities : It was noted during visits to
schools that the laboratory facilities were inadequate in many
schools, both in terms of the number of science laboratories available
in schools, and the provision of science teaching facilities and
apparatus. This was particularly acute in schools that offered only
physical science syllabuses compared to schools which offered both
physics and chemistry as separate subjects. The latter had adequate
laboratory spaces and reasonable laboratory facilities. It was also
observed that schools offering only physical science syllabus had
more acute problems with the provision of laboratory utilities such
as piped water, electricity and regular gas supply.
Lack of money for buying equipment, apparatus and materials :
Both old and relatively new schools complained of the lack of money
to buy and maintain stocks of equipment, apparatus, and chemicals.
Some of the equipment and materials recommended in courses such as
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the SSP physics and chemistry was either very inadequate or totally
missing. The investigator was informed by some headteachers and
science teachers that a large proportion of the little money allocated
to science subjects was spent in purchasing equipment and materials
for the EACE practical examination rather than for regular teaching.
Inadequate t ime allocated to cover the content of prescribed
p rograms : The allocation of time for the various syllabuses is done
by the Ministry of Higher Education. However, the demands on the
teachers’ time vary from syllabus to syllabus. For example, the SSP
courses in physics and chemistry, and to a lesser extent SPP physics
with chemistry courses, indicated very clearly the time allocation
for the various topics in the four-year course. The course materials
also gave practical suggestions on how to plan and organize classroom
instructional plans whenever necessary.
In contrast, non-SSP courses gave no indication of sequencing
of the topics, or suggested time allocations for the various topics.
The teachers were and still are expected to prepare their individual
schemes of work and to ensure that all the topics were adequately
covered. In contradiction to this absolute lack of guidance, the
non-SSP courses gave very detailed explanations of the examination
requirements and the types of examination to be taken at the end of
the course. Therefore, in the absence of any guidelines or suggestions,
teachers in these schools used the examination syllabuses and past
examination papers as a source of guidance in their teaching.
Secondly, because of the pressure to perform well in the EACE
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examinations, many science teachers spend a large proportion of the
available time in Forms III and IV preparing students for taking the
examinations. One of the consequence of this practice is that the
teachers do not give adequate time to cover the syllabuses as stipu-
lated
.
It was observed that teachers in schools offering SSP courses
were more satisfied with time allocation compared to schools offering
only physical science syllabus. The researcher is convinced that
the conflict between the philosophical basis for science teaching
and the undue importance placed on examinations contribute signifi-
cantly to teacher behavior and the apparent inadequacy of time
allocation in science courses.
Factors affecting implementation identified by the reasearcher
.
Three further problems relating to the implementation of science
curricula programs were identified by the researcher. These were:
(1) purchase of equipment, (2) inadequate preparing of teachers, and
(3) learning environments.
Purchase of equipment and materials : The lack of money for
the purchase of equipment, materials, chemicals and maintenance were
identified by the school administrators and science teachers as one
of the problems in the implmentation of science programs. However,
even if more money were available to schools, the purchase of new
equipment and materials would continue to present difficulties.
Science equipment, materials and chemicals are very expensive
in Kenya. Ordering from Britain is only slightly less expensive
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than buying in Kenya, but made much more difficult to procure by the
complex customs regulations, which are often found too cumbersome by
schools. At times up to eighteen months is required to receive a
shipment
.
There has been a growing concern by the Ministry of Higher
Education officals over the problems related to the purchase and
distribution of school science supplies. To overcome this problem
the Ministry would like to expand the functions of the School Equipment
Production Unit to include both purchase and distribution of science
teaching equipment, apparatus and chemicals. But until this is
done, the problem of procurement of equipment and chemicals will
continue to exist.
Inadequate preparation of teachers : A gap exists between
science teacher training programs, especially at the university
level, and the science curricula programs currently used in schools.
Many of the tutors in the training programs are not aware of the
facilities available in schools. It was observed that although some
of the teachers were certified as graduate teachers, they needed
inservice courses to introduce them to the new programs.
Learning environment : It was noticed during visits to schools
that teacher qualification and experience, availability of science
teaching facilities, equipment and apparatus may provide the prerequi-
sites for the effective teaching of science. The utilization of
these science teaching resources play a major role in the implementa-
tion of programs at the institutional level. However, an intangible,
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but very real soeio-psychological factor seemed to permeate all
aspects of institutional life and helped to provide an appropriate
teaching-learning environment. It is this factor that provides the
institutional spirit and character.
In summary, many of the problems identified in this study by
the administrators, science teachers and the researcher relate to
the larger issues of national development in a situation of limited
natural resources and many competing demands. For example, an
attempt to provide enough secondary schools and teachers to meet the
demands of a growing population puts a strain on the national resources
which makes it more difficult to provide additional funding for
building and equipping science teaching laboratories at the level
expected by schools.
Recommendations
In the final section of this chapter, several recommendations
are advanced. The recommendations are of five types. These include
recommendations on science curricula programs to policy makers, to
teacher training colleges, school administrators, science teachers
and researchers.
Recommendations on the improvement of science curricula programs . In
order to reduce the confusion and duplication caused by the large
number of science syllabuses and courses currently offered to schools,
there is need for clear national science policy to guide administra-
tors in formulating institutional science curriculum. The number of
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programs should be reduced by consolidating the multiple science
syllabuses and courses into a series of courses that cater for the
majority of the students while taking into account the needs of
students who will proceed on to more advanced science related studies.
This may be done by merging the existing syllabuses into an intro-
ductory junior physical science and biology syllabuses for use in
Forms I and II. This would then be followed by a series of differ-
entiated syllabuses in physics, chemistry, biology and physical
science in Forms III and IV. This would reduce the present ten
syllabuses to a minimum of four syllabuses. Consideration should
also be given to the development of an environmentally based inte-
grated science syllabus for use in Harambee and private schools
where separate subject or physical science syllabuses cannot be
followed because of the lack of science teaching facilities. The
evolution of new syllabuses call for new patterns of science curricula
development and organizations and not new topics on old patterns.
Recommendations for a clear policy for schools in curriculum
implementation
. It was observed in this study that there is a lack
of clear and consistent policy and guidance to schools concerning
the implementation of science curricula programs. A lack of clear
policy and the low grants given to schools make the implementation
of programs much more difficult. It is recommended that a clear
national policy on the implementation of science programs be formu-
lated. Secondly, the process of curriculum development and implemen-
tation by the various department of the Ministry of Higher Education
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should be coordinated more closely to ensure maximum utilization of
skills and expertise from curriculum developers, inspectors, admin-
istrators and the university.
Finally, it is recommended that the expansion of the School
Equipment Production Unit be undertaken to include the bulk purchase
and distribution of science teaching equipment, apparatus and chemicals
for schools in order to cut down on costs and ensure their avail-
ability in schools.
Recommendat ions for teacher training colleges
. The teacher training
colleges are charged with the responsibility for the preparation of
new teachers who understand the existing curricula, new trends and are
capable of participating in curriculum development. There is an
urgent need to review all teacher training programs in the country
to ensure that, on graduation, the new teachers are not only familiar
with the latest developments in science curriculum theory, but are also
familiar with programs currently used by schools and the kinds of
school environments in which they are likely to be working.
Recommendation for school administrators in curriculum implementation
.
The school administrators are charged with the responsibility of
implementing science programs at the institutional level. This
involves the decision making, provision of funds and procurement of
the necessary science teaching resources.
Normally the allocation for science teaching was drawn from
the supplies, equipment and store vote in the school budget and
whenever there is a financial crisis in the school the tendency is
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to cut the science allocation. It is recommended that a specific
allocation be made to a science teaching vote that will be used
solely for the purchase and maintenance of equipment and materials.
Recommenda tion for teachers in curriculum implementation
. Teachers
are responsible for the implementation of programs at the instruc-
tional level. In this way they act as the learning mediating agents
by creating an environment in which students interact with the
curriculum materials in the instruction process.
The most serious problems as perceived by the teachers during
the visits to schools and from the questionnaire were the length of
the syllabuses, availability of apparatus and chemicals, and prepara-
tion for examinations
. On further probing it became clear that
teachers had problems in organizing the syllabus content for teaching
purposes while meeting the requirements of the examinations. Second-
ly? physical checks of the adequacy and utilization of laboratory
facilities revealed many incidents of underutilization of available
science teaching resources.
It is recommended that all science education reform programs
be accompanied by teacher inservice and preservice courses not only
to introduce teachers to new content but also how to effectively
utilize science teaching facilities. The provision of fewer and
better organized science syllabuses would reduce the type and scope
of inservice courses required and thus make effective inservice
planning feasible or possible. The role of public examinations and
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assessment must also be reviewed to ensure that they are supportive
of the proposed programs.
Finally, it is recommended that all future programs should
have adequate plans for implementation that take into account the
needs of science teachers and field officers at the initial stages
as well as into the life of the program.
Recommendations fo r improvement of present research on science
curriculum implementation
. Research plays an important role of
inquiry to identify problems relating to the improvement and imple-
mentation of curricula programs. Research on educational reform in
Kenya has been very scanty for a number of reasons. These include an
inadequate institutional capacity, lack of qualified personnel, and
the lack of realization of the role of research as an integral part
of educational reform.
This study was designed to explore the factors which affect
the implementation of science programs. A number of issues that
call for further research were identified. These were: (1) Secondary
school science curricula programs are implemented differently in
schools that seem to have similar teachers and teaching facilities.
Research should be carried out to discover the causes of these
differences by examining the impact of instructional materials,
teacher qualifications, and experience, and school administrators in
the implementation of science curricula programs. (2) The analysis
of student performance and teacher assessment of the difficulty of
topics in chemistry courses revealed there was a close relationship
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between topics identified as difficult by teachers and student
performance. The causes such as academic preparation of teachers,
student ability, inadequate course content, high conceptual demands
on students by the courses, the relative difficulty of various
topics and influence of the various factors were not investigated.
There is an urgent need for an indepth study of the relative influence
of these factors on science teaching and learning. (3) It was
observed by the investigator during visits to schools in this study
and in the course of work in curriculum development, that variations
in schools cannot be accounted for wholly in terms of grants received
from the Ministry of Education, qualification of teachers or science
teaching facilities available in schools. What causes these variations?
Is it the qualification and/or experience of science teacher and
administrators? And, what should be the role of the Ministry of
Higher Education in the procurement and distribution of equipment,
apparatus and materials? It was observed during visits to schools
and from discussions with headmasters/headmistresses that some
schools appear to be deteriorating while others are improving. This
was particularly so in maintenance and physical upkeep of science
teaching facilities and quality of science teaching as revealed by
performance in public examinations. In some schools there was
deteriorating of both types. The causes of this deterioration were
not clear. Research should be carried to identify the causes of
this deterioration and how it may be rectified. (5) This study was
designed to identify the factors that influence the implementation
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of science curricula programs. In addition to identifying some of
the major factors that influence the implementation of programs, the
study highlighted almost a total lack of systematic information in
curriculum development and implementation even where some research
has already been undertaken. There is an urgent need for research
to be done on the state of the art in curriculum development and
implementation in Kenya and the establishment of a mechanism(s) for
systematic information gathering and retrieval for the purposes of
educational decision making and planning at different levels.
Closing Remarks
Curricula plays a key role in the process of educational
reform. Its impact in classroom practice is considered to be direct.
Implementation of programs provide the essential link between the
curricula programs and classroom practice at the institutional
level
.
Because of the exploratory nature of this study, no attempt
was made to provide answers to some of the questions raised in the
cause of the study. However, the study highlights the role that
research can play in bringing about curricula change at the institu-
tional level. The study also draws attention to the benefits to be
gained by a coordinated curriculum development and implementation
strategy that incorporates participation by science teachers, school
administrators, inspectors, curriculum developers, teacher evaluators
and researchers. Such coordination facilitates in breaking the
barriers which currently existing between curricula development and
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implementation to bring about desirable classroom practice at the
instructional level. Finally, the study highlights the need for
systematic data gathering and retrieval on curriculum development
and implementation, examinations, and research to assist in policy
and decision making for effective curriculum development and imple-
mentation
.
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APPENDIX A
HEADTEACHERS QUESTIONNAIRE
AND
TEACHER QUESTIONNAIRE
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APPENDIX A
PART I
HEADTEACHERS QUESTIONNAIRE
1. Name of School
2. Name of headteacher (optional)
School Information
3. How may students do you have in your school?
4. How many streams do you have in your school?
Form I Form II Form III Form IV Form V Form VI
Number of stream
5. How many students entered for the 1977 EACE? (a) Total
(b) In Science
6. How many science teachers do you have on your staff?
Please indicate in the table below their subject combination.
Years
Science in
Teacher Biology Chemistry Physics Mathematics Qualification School
(use a separate sheet if necessary)
7.
What is your main subject area? Please check (V)
Mathematics , or otherArts , Science ,
198
8 . In order to obtain information about science
how often do you use the following sources?
low with a check (>/)
.
and science teaching,
Please indicate be-
ll
e
8
u
1
a
r
1
y
0
c
c
a
s
1
0
n
a
1
1
y
R
a
r
e
1
y
N
e
v
e
r
Science journals
Ministry of Education circulars
Provincial Education Officers
Circulars from curriculum developers at
KIE
Information from publishers and
manufacturers
Science teachers
Science teachers
Science inspectors
University staff
Radio science programs
National science students congress
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Money Spent on Science
9. How much money did you spend in 1977 on
Subject Equipment Textbooks
Chemistry
Physics
Biology
Physical Science
General Science
10. How much do you hope to spend on science in 1978
and 1980
11 . What do you consider to be the three main problems
teaching in your shool?
in Science
THANK YOU FOR YOUR COOPERATION
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Section
:
PART II
TEACHER QUESTIONNAIRE
General Teacher Information
12. Name of School
13. Name of Teacher (Optional)
Nationality
14. Qualification (Please check (V).
University SI Others
Graduate Diploma
15. What are your main teaching subjects?
16. For how long have you been teaching science?
17. How long have you been in your present school?
18. In how many secondary schools have you taught?
19. How many periods per week do you teach in physics, chemistry,
Physical Science or general science? Please indicate below.
Class
Physical General
Physics Chemistry Science Science
Form I
Form II
Form III
Form IV
Forms V and VI
201
Part B : Objectives of Science Teaching
20. The objectives of science teaching is to train the students so
that they are able to:
Not Very
Important Important
1 2 3 4 5
Observe
Estimate
Measure
Read and understand science texts
Read and follow instruction and
carry out experiments
Handle apparatus
Draw conclusions from
observation data
Ask questions
Think critically
Work in groups
Solve numerical problems
Find answers from experiments
Give reports of their work
Analyze information and data
List in RANKING ORDER the four most important objectives
of teaching science. > »
,
and •
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Section 2: Instructional Programs
--Aims and Objectives
This section is concerned with the aims and objectives of scienceteaching. The following are suggested aims and objectives of scienceteaching. Please rate each of the aims in part A and each of the
specific science teaching in part B by indicating with a check U)
.Check only once for each statement.
21
. Part A Aims of Science Teaching
The aim of science teaching is to develop:
Not Very
Important Important
1 2 3 4 5
Knowledge of basic science facts
Experimental skills
Understanding of theoretical
concepts
.
Pupils ability to work together
A basis for future studies
Creative approach is problem
solving
Understanding and ability to
solve problems using the
scientific method
Ability to use science in
everyday life
Understanding of social
implications of science
Favourable attitudes towards
science
A supply of qualified personnel
List in RANKING ORDER the four most important objectives
of teaching science.
, ,
,
and
.
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Section 3 : Instructional Programs--Content and Methods
22. Do you screen students for different science courses
23. If yes, indicate with a check (V) when the screening is done.
Form I ( ) , Form II ( ) , Form III ( ), and Form IV ( )
24. On what basis is the selection done? Please check (J) as
appropriate
.
CPE Results
End of term examinations results
End of year examinations results
Randomly as they are enrolled in From 1
25.
Do you feel that your present method of screening is satisfac-
tory? Please comment.
26.
Give the main reasons why you offer or you do not offer the
following science subject combination(s) in your school.
Physical science
Physical science, Physics
and Chemistry
Physics, Chemistry and
Biology only.
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27. How often do students do practical work in your science classes?Indicate with a check (V) in the appropriate space.
Frequency of Practical work.
once a
Form Every double lesson Every fortnight month Never
I
II
III
IV
28. Indicate the appropriate usual group size for practical work in
your classes.
Number of Students per Group
rm 2-3 4-6 7-10 More than 10
I
II
III
IV
29. Is the time allocation for the science courses adequate? Please
indicate as appropriate for different classes with yes/no.
Syllabus
Form
Chemistry SSP Physics SSP
Chemistry Physics
Physical
Science
I
II
III
IV
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30.
In which Form do you start to prepare students for practical
examinations? H
31.
What features of the practical science examinations do you particularly like and which feature do you particularly dislike?
32.
Are you on the whole satisfied with practical examinations?
Yes/No.
Give reasons
:
33.
List five topics in the chemistry syllabuses that you are
currently teaching, that you consider difficult to achieve
a satisfactory level. (In responding to this part of the
questionnaire, please have all the different syllabuses with you.)
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Section 4 : Science Teaching Facilities
34. How many laboratories do you have in your school?
Please indicate type and number below.
Science room(s)
General laboratories
Separate laboratories
Physics
Chemistry
Physical Science
35 . Indicate with a check (V) if the laboratory equipment that you
presently have is suitable for demonstration experiments or
group working in Physics, Chemistry or Physical Science.
Physics Chemistry Physical Science
Demonstration YES
Experiments NO
Group Work YES
NO
36. Who looks after the laboratories apparatus and equipment?
Physics Chemistry Physical Science
Teacher
Lab. Assistant
Clerk
Student
Other
207
37. Indicate
student
with a check (V) the number of textbooks you use perin different subject areas in different classes.
Form I-II Forar III-IV
Number of books
One textbook per student
One textbook per 2 students
One textbook per 3 students
One book for more than 3
students
38. Do you have adequate reference books for teachers and students in
the school? Yes/No
39. Do you have adequate reference books for teachers and students in
the school? Yes/No
40. Give a rating of each of the following by indicating whether it is
(1) Very satisfactory; (2) just adequate; (3) can just manage; and
(4) unsatisfactory.
12 3 4
Reference books available for teachers
Reference books available for students
Electricity available for teaching
purposes
.
Running water available
Gas Available
Practical work rooms
General laboratory equipment and
apparatus
.
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Section 5 : Sources of Information
40. Which of the following information sources do you use to getinformation on different science courses? Please indicate by
checking (y) in the appropriate space.
Inservice courses
Examination regnerations and syllabuses
Course outlines and guides
Ministry of Education contents
Textbooks and manuals
Participating in science curriculum panels
Discussions with science teachers
Information from publishers and manufacturers
Science inspectors
Others
THANK YOU FOR YOUR COOPERATION IN
ANSWERING THE QUESTIONNAIRE
APPENDIX B
LIST OF SCHOOLS VISITED
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APPENDIX B
LIST OF SCHOOLS VISITED
Boys Girls Coeducation
1. Githumu Secondary School o
2. Kianyaga High School o
3. Kaimosi Girls High School 0
4. Kangaru School 0
5. Aga Khan High School Mombasa 0
6. Maseno School 0
7. Ikuu Boys Secondary School 0
8. Lugulu Girl's School 0
9. Kagumo High School 0
10. Kiruguya Girl's Secondary
school
0
APPENDIX C
SCHOOL VISITS CHECKLIST
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APPENDIX C
SCHOOL VISITS CHECKLIST
1. Location of School. Urban
,
Rural
2. Type of school (a) Day
,
Boarding
,
Mixpd
(b ) B°ys
,
Girls
,
Mixed
3. Total school enrollment
4. Approximate number of students per laboratory group work in
numbers I, II, III and IV.
5. Number of science teaching laboratories
6. Basic equipment and materials in the schools.
(a) Equipment
(b) Apparatus
(c) Chemical
The level of utiliztion of the laboratory facilities, equipment,
apparatus and chemicals.
9. General problems of science teaching
APPENDIX D
LIST OF PERSONNEL INTERVIEWED
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APPENDIX D
LIST OF PERSONNEL INTERVIEWED
Educational Personnel :
J. M. Kamunge, Director of High Education, Ministry of Higher
Education
D. M. Mbiti, Chief Inspector of Schools, Ministry of Higher
Education
I. Omodi
,
Director of Basic Education, Ministry of Basic Education
T. D. Kiraura, Principal Kenya Technical Teachers College
H. Muthui, Inspector of Biology, Ministry of Higher Education
M. Sinclair, Inspector of Chemistry, Ministry of Higher Education
M. A. Qureishy, Inspector of Physics, Ministry of Higher Education
S. Wasike, Inspecorate, Ministry of Higher Education
E. N. Njoka, P.E.O. Rift, Vally Province
S. Saini, Director, School Equipment Production Unit
Curriculum Developers
G. Muito, Assistant Director, Kenya Institute of Education
J. W. Buyela
,
Curriculum Specialist, Kenya Institute of Education
M. Ratcliff, Chemistry Curriculum Specialist, Kenya Institute of
Education
L. Wickstrom, Physics Curriculum Specialist, Kenya Institute of
Education
S. N. Mwaurah, Biology Curriculum Specialist, Kenya Institute of
Education
M. Savage, Science Curriculum Specialists, Kenya Institute of
Education
J. M. Maundu, Science Curriculum Specialists, Kenya Institute of
Education
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Teacher Educators
Dr. G. P. Oluoch, Principal, Kenya Science Teacher's College.(Formerly Director, Kenya Institute of Education).
A. Yusuf, Senior Lecturer, Kenya Science Teachers College
P. Namasaka, Lecturer, Kenya Science Teachers College
N. W. Twoli, Lecturer, Kenyatta University College
Dr. G. M. Nguru, Lecturer, Kenyatta University College
Dr. G. Eshiwani
,
Director, Bureau of Education Research, Kenyatta
University College.
Teachers
Francis Muiri, Kevuguya Secodary School
S. I. Mwangi
,
Githumu Secondary School
I. Slam, Githumu Secondary School
J. Kinyua, Chogoria High School
S. N. David (Miss), Lugulu Girls' School
M. A. Kadenyi (Mrs.), Kaimosi Girls' High School
D. N. Kobuthu, Kianyaga High School
J. J. Ogueno
,
Maseno School
S. Singh, Kangavu School
J. Njeru, Ikuu Boys' Secondary School
APPENDIX E
ANALYSIS OF STUDENT PERFORMANCE IN THE 1977
EACE CHEMISTRY AND PHYSICAL SCIENCE
(CHEMISTRY) EXAMINATIONS
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1977 EACE Chemistry Item Analysis
Item Topic Area Ability Facility
1. Oxides/PH C 0.51
2. Qualitative analysis C 0.61
3. Qualitative Analysis K 0.51
4. Separation K 0.72
5. Bonding C 0.49
6.* Electrolysis: Qualitative HA 0.30
7.* Atomic/Electronic Structure App 0.37
8.* Atomic Structure App 0.21
9. Electrolysis: Qualitative App 0.44
10. Mole: Mass C 0.69
11. Molar Volumes HA 0.45
12. Atomic Structure K 0.74
13. Nitrates C 0.72
14. Oxides /Hydroxides K 0.60
15. Bonding K 0.60
16.* Periodic Table App 0.36
17. Qualitative Analysis C 0.79
18. Nitrogen/ ammonia C 0.65
19. Carbon C 0.59
20. Reaction Rates K 0.87
21. Extraction of Elements C 0.55
22. Calculations -Equations C 0.56
23. Qualitative Analysis K 0.71
CN Mole: Definition App 0.17
25. Mole C 0.59
26. Qualitative Analysis HA 0.40
27. Chemical Calculation C 0.52
28. Calculations: Equation C 0.59
29. Energy Change: Calculation C 0.50
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1977 EACE Chemistry Item Analysis (Cont'd)
Item Topic Area Ability Facility
30. Qualitative Analysis K 0.74
31. Sulphoric Acid K 0.63
32. Periodic Table/Bonding App 0.39
33. Organic: Alkanes K 0.81
34. Heat Energy: Calculation C 0.69
35. Reaction Rates K 0.73
36. Bonding/ Sulphur K 0.57
37. Mole C 0.41
38. Ammonia K 0.70
39. Electrolysis K 0.52
40. Qualitative Analysis C 0.61
41. Reaction Rates K 0.74
42. Nitrates K 0.70
43.* Periodic Table C 0.19
44. Water/Hardness K 0.79
45. Nitric Acid C 0.63
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—
7? EACE Physi cal Science-Chemistry Item Analysis
Item Topic Area Ability Facility F
1
.
Qualitative analysis K 0.34
2. Separation K 0.59
3. Ammonia K 0.60
4.* Nitrates K 0.30
5. Bonding/ Sulphur K 0.40
6. Electronic/Atomic Structure C 0.37
7. Carbon Monoxide C 0.44
8. Periodic Table App 0.20
9. Carbon Dioxide C 0.44
10. Reduction/Hydrogen C 0.43
11. Cholorine C 0.50
12. Oxides K 0.67
13. Magnesium Oxide K 0.53
14. Electrolysis: Qualitative K 0.47
15.* Oxides K 0.26
16. Electrolysis: Qualitative C 0.50
17. Atomic Structure C 0.55
18. Separation C 0.43
19. Water/Hardness C 0.40
20.* Qualitative Analysis C 0.27
21. Reactivity Series C 0.50
22. Heat Energy App 0.31
23. Mole: Mass C 0.63
24. Heat Energy: Calculations C 0.55
25. Mole: Mass App 0.27
26
.
Electronic Structure C 0.49
27. Calculation: Equation K 0.58
28. Qualitative Analysis K 0.51
29. Carbonates K 0.51
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1_977 EACE Phys ical Science-Chemistry Item Analysis (Cont'd)
Item Topic Area Ability Facility
30. Nitric Acid: Oxidation K 0.34
31.* Chlorine K 0.33
32. Separation C 0.51
33.* Electrolysis: Qualitative HA 0.29
34.* Mole HA 0.26
35. Periodic Table K 0.48
36. Carbon K 0.44
37. Extraction of Metals C 0.43
38. Atomic Structure C 0.51
39. Molar Volumes App 0.35
40. Salts preparation C 0.37
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1977 EACE SSP Item Analysis in Physical Science-Chemistry
Item Topic Area Ability Facility F
1 . Oxides/PH C 0.43
2. Qualitative Analysis C 0 . 46
3. Alloys K 0.44
4. Periodic Table App 0.31
5. Bonding C 0.40
6. Electrolysis C 0.41
7. Atomic/Electronic Structure App 0.29
8. Atomic Structure App 0.23
9. Electrolysis: Qualitative App 0.45
10. Mole: Mass C 0.70
11
.
Mole C 0.61
12. Atomic Structure K 0.65
13. Nitrates C 0.39
14. Oxides /Hydroxides K 0.49
15. Bonding K 0.72
16. Periodic Table App 0.28
17. Qualitative Analysis C 0.26
18. Nitrogen/ ammonia C 0.44
19. Properties of Gases C 0.39
20. Periodic Table C 0.49
21. Calculation: Equation C 0.32
22. Qualitative Analysis K 0.32
23. Molar Volumes App 0.18
24. Starch Hydrolysis K 0.29
25. Properties of Gases HA 0.16
26. Percentage Composition C 0.27
27. Mole: Equation C 0.51
28. Molar Volumes App 0.38
29. Qualitative Analysis K 0.37
30. Energy Change: Calculation App 0.69


